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I.—INTRODUCTION 


Agronomists have long recognized the fact that the plots of an experi- 
mental field may differ considerably among themselves. This varia- 
bility is the source of the greatest difficulty in the interpretation of 
comparative cultures. A recent analysis (3)' of the available data by 
adequate biometric formulae (1) has shown that heterogeneity is a 
practically universal characteristic of experimental fields and that it 
must be considered in the interpretation of the results of all plot tests. 

With the demonstration of this characteristic of experimental areas 
the questions naturally arise: Are the differences between plots tran- 
sient or are they relatively permanent from year to year? Do these 
differences tend to increase or to decrease with cultivation ? 

Presumably the differences which obtain in the soil of an experi- 
mental field are in part permanent and in part transient. Lyon (5) 
Suggested that tillage and other factors will change the plots so that the 
results will not be comparable from year to year. Unfortunately he 
does not present data to show to what extent this may be true. He 
gives a series of yields for successive years on the same plots, which 
measured 33 by 66 feet or '/.) of an acre in area, at the Nebraska Agri- 
cultural Experiment Station and shows that the rank of the yield of 
these plots differs greatly from year to year. Thus he concludes that if 
they differ among themselves in their capacity for crop production this 
difference is very little constant from year to year. 

Smith (6) took advantage of the breaking up Of a piece of land which 
had lain 16 years in pasture to investigate the effect of cultivation on 
the uniformity of a series of plots. Any influence of 1 or 2 years pre- 
ceding cultures on the variation or correlation of yields should, he 
assumed, be apparent in the statistical constants deduced from these 





! Reference is made by number (italic) to “ Literature cited,” p. 356. 
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data. He gives a table which indicates that there is such a change. 
He says: 

It is noticeable that the variability as measured by the standard deviation becomes 
less in each succeeding year. This suggests the question as to whether continued 
cropping might not tend to induce uniformity. The records of a few of these plots 
which were continued in corn for three years longer do not support such a conclusion. 

It must be noted that in Smith’s experiments seasonal conditions 
varied greatly from year to year. Thus 1895, which was exceedingly 
dry and also cool in the early part of the season, was highly unfavor- 
able. ‘The two following years were unusually favorable for corn. As 
a result the yields were, respectively, 31.6, 91.6, and 71.4 bushels per 
acre in the three years. 

Lehmann in his work at the experimental farm near Bangalore at- 
tempted to use the experience of previous years in the standardization of 
experimental plots. His data will be considered in some detail below. 


II.—_METHODS AND RESULTS 


The permanency of the differentiation of plots in their capacity for 
crop production may be measured in terms of correlation. If the plots 
of a field differ among themselves in a more or less permanent way 
there will, with reasonably uniform climatic conditions, be a correla- 
tion between the yields of the plots of a series in two or more successive 
years—in short, an intera nnual correlation (2). 

The problem of the correlations between the yields of identical plots 
in different years is one of very great interest. If this correlation be 
high it should be possible to standardize a field of plots by one or more 
sowings to the same variety. A chief difficulty in the standardization 
of the field by the carrying out of a preliminary test in which the pro- 
ductive capacities of the plots are determined once and for all lies in 
the fact that the factors which determine yield are in part edaphic— 
that is, pertaining to soil conditions—and in part meteorological. For 
example, in a very dry year sections of a field which are lower may pro- 
duce the heaviest crops because adequate moisture is longer retained 
in these places. In a wet year the case may be just the reverse, for the 
crops in the lower-lying portions may be too wet for the best plant 
growth. Thus, it is qitite possible that in cases in which there is a 
profound influence of environmental factors there ‘may be a negative 
correlation between the yield of the same plots in different years. 

It is conceivable, therefore, that the interannual correlation for yield 
per plot may range from negative to positive values, zero correlation 
being found in cases in which edaphic and meteorological factors exactly 
counterbalance each other in their influence upon the yield of the plots 
of a heterogeneous field. 
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A.—PUBLISHED DATA 


Unfortunately few data are available for analysis from the literature. 
Lehmann has given (4, p. 6) yields of paddy on the 17 plots of ranges 
B and C, respectively, of the wet tract of the Experimental Farm at 
Hebbel. Grouping the yields for the two ranges, we find for the corre- 
lations between the yields of the same plots in the two years 1905 and 
1906: 
Range B, r=0.834+0.050, r/Er= 16.7. 
Range C, r=0.799+0.059, r/Er= 13.5. 


Stockberger (7) gives data for the extremes of a series of hill yields ~ 
for hops. The interannual correlations deduced from these data have 
been shown (2) to be as follows: 





Lowest Highest 
hills. | hills. 





| 
} 
| 


PONE NG 5s Fee lo bees twas Ake eee b ee toa ets | 0.29+0.17 | 0. 59+0. 13 
1910 and 1911 | -§5 .13 52+ .14 
1909 and 1911 | .43 .25 30+ .18 








Stockberger has also given (8) the yields for 30 rows, each 210 feet 
in length, from hop fields of several hundreds of acres in the Sacramento 
Valley of California: 

The plants in these rows averaged well in number and uniformity of growth with 
the plants on several hundreds of acres of hops in the midst of which the experimental 
area was located. E 

Data are available for the years 1909 to 1914. Calculating the corre- 
lation between the yields in the different years, we have the results 
set forth in Table I. It appears that with one single exception the con- 
stants are positive throughout. In general they are significant in com- 
parison with their probable errors, indicating a superiority in a subsequent 
year if a superiority is shown in a given year. 

The constants in the table are arranged in a way to show the change 
in the coefficient of correlation as the years become more widely separated 
in time. Thus, in the case of the correlation for the 1909 yields, the 
constant for “‘first and second”’ is that showing the relationship between 
the 1909 and 1910 yields, while ‘‘first and third” indicates the constant 
measuring the relationship betweerr the yields of 1909 and 1911. Simi- 
larly, in the series of coefficients for 1910 “‘first and second’’ designates 
the correlation between 1910 and 1911, etc. 

For the series beginning with 1909 we note a marked decrease in the 
magnitude of the constants as the yields correlated become more widely 
separated in time. The same is true for the series beginning with 1910. 
The other series are more irregular. 
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TABLE I.—Interannual correlations for yield of hops 


| , ; ‘ : 
Beginning of series. | First and Firstand | First and First and First and 





| second years. third years. | fourth years. fifth years. sixth years. 

| | | Pe W Skeet : 

Se Es | ? ren 
| RSE, RAE | +0. 7680. 051 | +0.622+0.075 | +0. 380+0. 105 | +0. 25940. 115 +0. 06140. 123 
ins ok +0 Xap cn tddbegas + «5774 -082 | + -447+ .099 | + -4514 008 9 SMR: HRB G 5 ss sneie'sns taiaee 
Se ee + sGRe < 805 | FP oQUGEE + BEE | Mc BOG. FOE bine ce cvececcvccshesasconcvesedees 
GND cit nnddeke hos yaons + ogra «112 | + -7OS% +062 |... . cee ee eeee Vr rth Are tee ee 


SNE laves'acs sawn cess + «597+ -079 | vic SEN GEC eRiale vue CAT DAES BON hiayhaw Varese bnder ss sou tate tebe 
The most reasonable explanation of the higher correlation of more 

closely associated years is that both field conditions and the productive- . 
* ness of the individual vines change more or less as time goes on. The 
result of such changes would be a lower correlation between the yields 
of periods more widely separated in time. 

The data for the dry-land experiments in Mysore State have been 
discussed elsewhere (3) in relation to the problem of field hetero- 
geneity. It was shown there that in two dry years the field showed 
marked hetereogeneity, but that in one unusually wet season there was 
marked abnormality of yield with little correlation between the yields of 
adjacent plots. 

It seems of unusual interest, therefore, to determine to what extent 
the differences between these plots are permanent from year to year. 
Correlating between the yields of ragi, we find the following correlation 
coefficients for the whole series of 105 plots for which data are available. 














Years. Grain. | Straw. Total. 
ae ener - ©. 5910. 043 0. 777 £0. 026 0. 7570. 028 
SRDS MI TOON 055 So eR eee | - 693+ .034 - 855+ .018 -852+ .018 


ROO ING BON osttUl avs oeay es -450+ .052 | -678+ .036 -610+ .041 





The correlations are of very substantial order, and without exception 
they are clearly significant in comparison with their probable errors. 
They show that the differences in the plots are to a high degree per- 
sistent during the three years of this experiment. 

For grain, straw, and total yield the correlations between the yield for 
1905 and 1907 are higher than those for 1905 and 1906 or for 1906 and 
1907. If there were a progressive change in the field one might have 
expected that the correlations would be higher between consecutive 
years. Apparently the influence of the abnormal conditions of 1906 has 
been to lower the correlations for this year. 

The results show that the capacity for production is to a high degree 
persistent from year to year, notwithstanding great diversity in 
meteorological conditions. 

A series of records of unusual interest is provided by Smith (6) for 
yields of corn in three successive years, 1895, 1896, 1897. It has been 
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shown elsewhere (3) that this field, which had lain in grass for many 
years, is highly heterogeneous, showing correlations between adjacent 
plots of r=0.61 to r=0.83. 

The conditions for corn production differed very greatly in the three 
years. Thus the constants for yield were: 











: 
Year. Mean. deviation. | — 
ue at 
| EME COREE TY CREPE TET vaca Tee cere ETE rs 31.7 7-91 | 25.0 
BENE beahesy he bi > U55 60 FaREPR bn bP ERT Wiebe Od Gas OO 91.6 10. 64 11.6 
MURR Ade Cari ap «Ce slnbaienetees Cama op Gan eine beeln sana 71.4 6. 27 8.8 








Yield is over twice as heavy in the second and third years as in the 
first. The variability in yield as measured by the coefficient of variation 
is far lower in the second and third years than in the first. 

Computing the correlations between the yields for the three years, 
we have the following results: 

For 1895 and 1896, r= —0.354+0.054, r/E,=6.6. 

For 1895 and 1897, r= — 0.221+0.059, r/E,= 3.8. 

For 1896 and 1897, r= +0.818+0.020, r/E,= 40.1. 

There is a negative correlation for 1895 and 1896 and for 1895 and 
1897 but a high positive correlation for 1896 and 1897. Thus the plots 
which were better in the highly unfavorable year 1895 were poorer in 
the two favorable years 1896 and 1897. Plots which were better in the 
favorable year 1896 were also better in the favorable year 1897. 


B.—THE HUNTLEY UNIFORM CROPPING EXPERIMENT 


The most extensive series of records available is that for a uniform 
cropping experiment conducted for the past several years at the Field 
Station of the Office of Western Irrigation Agriculture, at Huntley, Mont. 

The Huntley field lies in the Yellowstone Valley on land having a very 
slight and uniform slope to the north. - The detailed history of the field 
prior to 1910 is not known definitely. It was probably first broken 
from the native prairie sod in the spring of 1908. In 1909 it was planted 
to sugar beets, but the crop was destroyed in the late summer. It came 
under experimental control in 1910, when the major portion of it was 
sown to oats and yielded a crop of 66 bushels per acre. In that season 
a small tract in the northeast corner of the field was used as a machinery 
park or stack yard and was not put into crop. This tract occupied 
about two-thirds of the length of the first five plots in series II. It is 
possible that this difference of treatment in 1910 may have been reflected 
in the crop yields of 1911, but it seems hardly probable that any material 
effects could have persisted longer. 
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In the spring of 1911 this field was laid out into 46 plots, each measur- 
ing 234% by 317 feet and containing 0.17 acre, arranged in two parallel 
series of 23 plots each. The two series of plots were separated merely 
by a temporary irrigation ditch. In 1911 it was planted to sugar beets, 
and in the spring of 1912 it was seeded to alfalfa, and one cutting was 
harvested that year. This stand remained on the ground during 1913 
and 1914, when the entire field was fall-plowed. In 1913 three cuttings 
were made, but the third cutting was lost in a heavy wind which scat- 
tered and mixed the crop before weighings from the various plots could 
be made. The first cutting, designated as alfalfa I, was made on plots 
one-half the original size. The second cutting was harvested from 
plots one-quarter the original size. The first and second cuttings in 
1914 were weighed for plots one-quarter the original size—that is, 0.0425- 
acre plots—while the third cutting was recorded for plots one-third the 
original size. These furnish the data for alfalfa I, II, and III for 1914. 
Total yields for the first and second cuttings in 1913 and 1914 and for 
the first, second, and third cuttings in 1914 are also considered. 

In 1915 and 1916 ear corn was grown. In 1917° the fields were 
planted to oats, and records were made of grain, straw, and total yield. 
In 1918 silage corn was grown. In 1919 the land produced a crop of 
barley. 

It has been the practice each season to treat the whole field as a unit 
until harvest time, when the plot boundaries are established in order to 
measure the crop yields. In other words, all cultural operations, includ- 
ing irrigation, are carried out on a field scale and uniformly throughout 
the field. No manuring has so far been attempted. An effort has been 
made to avoid any artificial causes of heterogeneity. 

The crop yields each year have been satisfactory—that is, they have 
not been abnormal—as is shown in Table II, where the mean yields per 
plot and per acre are set down. Fortunately, this experiment has also 
escaped injury from insect pests, plant diseases, and storms, which so 
often interfere with the success of long-term field experimentation. 





| Because of other activities the plots could not be harvested in halves and quarters in IQI7-1919. 
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TABLE II.—Mean yields of the Huntley uniform cropping experiment 














Number of Number of 
Crop. pounds tons or bushels 
per plot. per acre. 

EE , flceiaeetile sil acento tices | pabiones 
, ROTTER OMEN rics deknr aURie tO abened asain a caheoks 4, 179. 00 12. 29 
SONS: COE URNS 6 Seo a wn eke cok tee Coe ore e iewegee 350. 54 I. 04 
SORE MONEE 115 Fe Cc aed One ph Owie sn Ea eeg nae aRECe 541. 41 I. 59 
TRS MIE ais oie Sic VRE bs Cua eae es eee maw 483. 26 I. 42 
WEA, URES ME BE eos gals vs wee ie ceMC HEB RE Ok SGaN | 1,024. 67 3. O1 
se. Or ane nena e ean pat ete Aer 489. 13 I. 44 
po PE RE Se eo a eee Conary eA he ee ee 499. 34 I. 47 
Voda, MUNN ONEED RECS. 9 -2cl, a stein Careuees Wises dctaend Gun 988. 47 2.91 
REM; GEM BER sk ces vwater ekticanae mene nenh sedans tees | 471.95 1. 38 
TUE ME DR REE. CS Hc oar sores Exoncawl Pusseees | 1, 460. 43 4. 29 

TR COIN 68 5 dE ee ead SURO COe ee Vw een cee real 522. 58 | 52.7 

DA CORI So 6 ETA eee ek SE RR a Ek eee 396. 15 | 41.6 

RED, COR NNRIN Ge 5 S57 oc stn ih ol gh Obae rev ela chads ceseal 555- 80 | 102. 1 
ME iy OUR UP Tay = ¥ cide ics Rktae s ccc ee a seee 8 6 pgp sale. ee 521. 54 | I. 53 
WONT, Re URI fed) guid ice sca ale Uneigtaln’ auee tea Ad | 1,077. 34 | 3. 16 
TOU SU GUM os cA Na 3g SRes cl Meltoni eas gue We Tees 3, 175- 43 | 9. 34 

SIRI OU te NN 6s 90's Siac 0k s RR 5, Ta en os OLS Beate cs 358. 19 | 43-8 
One ee I nce cco Stee ra dhe alice tern carre ws 230. 50 | . 67 
May WOES SIE sce tice} Uevcease remy wigs een san 588. 69 | I. 73 





The data furnished by this series of records are of particular value, since 
(a) they are based on irrigated plots and (b) it is possible to compare the 
correlations between the same crop and different crops in the different 
years. 

The correlations between the yields of the various crops in the different 
years may be considered in three series. 

(1) The first comprises the yields for the whole plots. In this series 
we determine the correlation between the crop produced on the 46 plots 
in one year and that produced on the same 46 plots in another year. 

(2) In the study of certain crops the plots were divided into two sub- 
plots, and we may determine the relationship between yield of individual 
subplots in different years. Then the number of observations is @wice 
what it was in the preceding correlation, that is, N =92 instead of 46. 

(3) Finally, in a more limited series of cases the 46 original plots were 
harvested in 4 subplots each, thus increasing the number of units which 
may be entered in the correlation tables to 184. 

The data for determining the correlations between yields of various 
crops for the 46 whole plots are given in Table III. The data for half 
plots and quarter plots may be obtained from the diagrams in an earlier 
paper by Harris (3) on the practical universality of field heterogeneity 
as a factor affecting plot yields. The correlation coefficients and their 
probable errors for whole plots are shown in Table IV. 





342 Journal of Agricultural Research 


Vol. XX, No. 5 





TABLE III.— Yield of plots of field B at the Huntley (Mont.) Field Station 4 

















| 

1913, 1914, 1914, 

plot No. | cake | 2383: | aifiia | ifn | ella | tpt | itt | alla | iit, | alll 

s. | alfalfa. I. Il, Il. : Il. Il. | III. Ill. 

gE eS ee 12. 78 260 595 600 | 1,195 585 550 | 1,135 580 1,715 

Bec ccnccorcevcde 12. 70 395 530 560 | 1,090 610 605 | 1,215 605 1,820 
Boccccvricccesces 10. 04 397 640 630 | 1,270 605 690 | 1,295 595 1,890 
Gosvecccccdsocees 10. 35 435 640 650 | 1,290 640 660 | 1,300 610 1,910 
Bia waekeduske ode 9 33 442 625 540 | 1,165 590 700 | 1,290 595 1,885 
Giivsestns cctence 9. 40 419 625 595 | 1,220 645 735 | 1,380 510 1, 890 
Drrcudvccecveres II. 53 438 640 575 1,215 625 775 1,400 500 1,900 
ee 12. 40 410 555 s70| 1,125 555 925 | 1,280 | 500 1, 780 
Ri nicsacushen cus 10. 28 418 |  §70 470 | 1,040 590 615 | 1,205|  475| 1,680 
DDicenedoaectnee d 11. 81 393 540 470 | 1,010 545 505 | 1,050 | 45° 1,500 
Pe cencsassckenn 13-99 405 585 435 | 1,020 580 430 | 1,010 | 400 1,410 
Wiecccvesusskicee 12. 28 435 | 530 450 980 555 425 980; 445| 1,425 
Di isiactoessetys II. or 385 | 565 485 | 1,050 465 445 gto | 455 1, 365 
GBs sss ctccvossuaa II. 42 395 | 555 510 | 1,065 540 480; 1,020 | 485 1, 505 
BBvcccvscnceseves 12. 28 405 655 565 | 1,220 535 515 | 1,050 540 1, 590 
Weivieececksvteen 13. 76 305 650 475 1,125 545 440 985 475 1,460 
Wi cisdvisgustcie Il. 73 312 590 435 | 1,025 540 435 975 460 1,435 
Bececsnguecccess 12. 49 290 635 425 1,060 540 525 1,065 455 1,520 
DOs ewawintesnced 15-55 315 635 455 | 1,090 545 490 | 1,035 465 1, 500 
GEN Ss cxsencetss TI. 93 310 605 440 | 1,045 540 sos | 1,045 475 1,520 
Wie wceeascstaue’ 13- 52 330 625 455 | 1,080 580 535} ,1I5 | 510 1,625 
BR. dos0s ccceuecee 14. 36 325 625 sco | 1,125 610 §25 1,135 | 520 1,655 
BBi vecdocesevsess 16. 81 310 | 590 425 1,015 490 445 935 380 1,315 
PEE vacbaveveciates 13-93 405 535 425 960 420 47° 890 645 1,535 
Bide véenntoonvcs 13-04 350 47° 430 goo 430 395 825 520 1,345 
Boccevcdavecsecs 10. 55 400"! 510 405 915 395 435 830 495 1,325 
Grcccovosvecccens 11. 63 435 | 475 425 goo 44° 45° 890 | 440 1,330 
Bictcvepveseeers To. 56 350 | 460 445 905 435 420 855 | 455 1,310 
Gisiiiiotien I0. 00 365; 510 510} 1,020 430 375 805 415 1,220 
Jowses soo veborvee 10. 54 390 500 440 94° 410 400 810 445 1,255 
| er aeneeeeses TO. 00 325 455 425 880 415 380 795 41s 1, 210 
Brscescnsccnenes 8.85 360 490 375 865 425 410 835 385 1,220 
TBrocivsccctrisey To. 48 360 440 415 855 365 390 755 360 1,115 
eee 12. 61 335 485 390 875 | 360 420 780 385 1, 165 
BO. cvcveereseccee II. 22 35° 47° 400 870 360 430 79° 370 1,160 
ME csgeveses 12.08] 370| soo} 450] 9501 390] sos| 895} 435/ 1,330 
are 11.91 255 470 485 955 370 495 865 425 1,290 
TS..... 12. 65 370 485 455 94° | 380 470 850 455 | 1,305 
16 II. 71 325 460 44° | 900 | 360 455 815 410 | 1,225 
DSi cic nso 5ene’ 12.19 280 460 445 | 905 395 425 820 430 | 1,250 
hs dibs ade scha 12. 62 280 430 500 930 395 425 820 385 | 1,205 
Bs vscvcsvecevces 13-45 320 480 515 995| 450 515 965 475 | 1,440 
OO. svedvesnvoeyss 15. 60 275 520 565 | 1,085 435 480 915 445 | 1,360 
Rise ckivevecees ent 16. 25 29¢ 460 510 970 435 480 915 465 | 1, 380 
BB. vvvesccescoess 14. 70 345 530 535 | 1,065| 475 sts 990 495 | 1,485 
BSscrevvcvesevees 16.52 | 337 505 530] 1,035 | 475 475 95° 475 1,425 















































@ All yields are given in pounds per plot with the exception of that for sugar beets, which is given in tons 
per acre. 
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TABLE III.— Yield of plots of field B at the Huntley (Mont.) Field Station @—Con, 












































1915, | 1916, | 1917, | t9r7, | 1917, | 1918, | 1919, | 1910, | 1910, 
Plot No. ear ear oat oat total | silage | barley | barley | total 
corn. | corn. | grain. | straw. | yield. | corn. | grain. | straw. yield. 
Bs Accsmbittdibenyceiese. 556 513 580 574 | 1%)154] 3,655 392 288 680 
Bon eectdsecenschesodetes 598 514 593 631 1,224 | 3,285 349 251 600 
Qi cvsvicesntctadecccécse 526 481 606 588 | 1,194] 3,290 377 253 630 
Qiv dbdbchuvdédreccesssee 558 495 598 414 | 1,0%2] 3,390 352 218 570 
509 487 614 599} 1,204] 3,570 414 246 660 
52% 450 596 584 | 1,180] 3,240 426 264 690 
499 489 572 458 | 1,030] 3,005 463 262 725 
502 441 574 524 | 1,098 | 3,010 424 276 700 
515 434 553 495 | 1,048] 3,060 425 265 690 
513 415 614 606 1,220 2,885 422 298 720 
524 399 574 578 | 1,152] 2,955 386 224 610 
507 379 548 S10} 1,058 | 3,055| 365 240 605 
528 376 537 523 | 1,060] 3,125| 350 220 570 
507 372 540 522 | 1,062; 3,210 368 222 590 
512 398 518 616} 1,134] 3,155 344 I9t 535 
524 409 564 570} 1,134] 2,870| 35% 204 555 
520 389 499 481 980 | 2,950 | 333 127 460 
“479 | 408 538 518 | 1,056] 3,235 309 | 241 550 
485|  404/ 637] 605} 1,242] 3,330) 313} 177 490 
489 383 579 497] 1,076] 3,150} jog] aa 525 
S19} 455| s67| 513] 1,080] 3,180] 316) 229 545 
573 413 553 477 | 1,030] 3,075 306 199 505 
578 414} = 509 391 900] 3,375 288 257 S45 
545 4o4| 563 547| 1,110] 3,685 332 238 | $70 
552 376 560 522 1,082 | 3,365 362 218 | 580 
seq} 337| sat str] 1,022] 3,315] 375 260 635 
547 318 | 523 497 | 1,020] 3,170 | 342 183 | $25 
544 338 | 532 516 1,048 | 3,240 | 416 284 700 
533 312 536 552 | 1,088] 3,290 460 250 710 
505 31I 538 544| 1,082) 2,855| 410 | 330 74° 
519 345 552 556| 1,108] 2,905/ 400 | 260 660 
513 353 515 535] 1,050] 2,965} 400 260 660 
509 337 521 545 | 1,066 2,760 | 386 274 660 
493 | 322 473 479 952 2,640 | 403 262 | 465 
496 | 357 520 462 982 | 2,850 305 255 560 
503 | 343 645 377 | -1,022| 2,880 | 296 199 495 
496 | 333 525 469 994 | 3,190 290 130 | 420 
518 | 360 557 485 | 1,042] 3,100 gor 174| 475 
499 372 578 504 | 1,082] 2,975 335 185 | 520 
483 353 549 515 | 1,064] 2,995 317 188 505 
469 367 563 517 | 1,080} 3,315 320 190 | 580 
477 410 $62 512 | 1,074 | - 3,540 293 187 400 
490 407 56t 481 | 1,042] 3,280 323 177 | 590 
551 426 486 456 942} 3,370 331 259 580 
Wiivipsoes evenness pikeivhad 628 423 573 571 1,144 3,625 362 218 510 
23. spiobees astenvsedee 654 401 s6r 573 | 15134] 3,705 341 | 249 59° 

















tons per acre. 








¢ All yields are given in pounds per plot with the exce 


ption of that for sugar beets, which is given in 
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From the series of correlations as a whole it appears that of the 152 
coefficients showing the relationship between crop yields in different 
years, 133 are positive while only 19 are negative in sign. If the differ- 
ences in capacity for crop production demonstrated in different years 
were due to purely transient causes, one would expect to find an approxi- 
mately equal number of positive and negative correlations with the gen- 
eral average value sensibly zero. Instead we find the proportion of 133 
to 19. This is a deviation from the ratio 76 to 76, which one might ex- 
pect on the assumption that there is no correlation between the yields 
of plots in a series of years, of 


57 +0745-V152X 5X0.5=57+4.16. 


The deviation from equality is 13.7 times as large as its probable error 
and is unquestionably significant. 

If we consider that coefficients which are 2.5 times or more as large as 
their probable errors represent statistically significant interrelationships, 
we find that of the 82 relationships which may be regarded as falling in 
this class 78 are positive whereas only 4 are negative in sign. 

Averaging the values of the coefficients considered in Table IV, we 
note that the average for the 133 positive values is + 0.3346, whereas that 
for the 19 negative values is—0.1475. Taking the constants altogether, 
the average value is+ 0.2743. 

There is, therefore, an overwhelming body of evidence to show that 
plots, even of the small size and the apparent uniformity of those of 
the Huntley Station, which yield higher in one year will yield higher 
persistently throughout a series of years. 

It is now desirable to determine whether the same relationships hold 
when these plots are divided into smaller subplots. It is possible to 
subdivide a number of the plots into 2 subplots, each one-half the original 
size. Correlations may be determined for the 92 yields of these half 
plots in the same manner as for the total yields on the 46 original plots, 
The results appear in Table -V. 

The constants are positive throughout. In general, they are statis- 
tically significant in comparison with their probable errors. As a matter 
of fact, only 2 of the 22 constants are less than twice as large as their 
probable errors. Thus, they indicate a real biological relationship 
between the productions of the half plots in different years. Those 
which give a higher yield in one year give a higher yield in another year. 

For a smaller number of the crops it is possible to divide the original 
plots into quarter plots, thus securing 184 subplots to be used as a basis of 
calculation. The coefficients of correlation between the yields in the 
several years are shown in Table VI. 























TABLE IV.—I nterannual correlations for yield of 46 plots in the Huntley uniform cropt 
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Unfortunately the number of crops which can be included in Table VI 
is rather small. The coefficients are positive in sign throughout, and in 
all cases they are statistically significant in comparison with their probable 
errors. The individual constants will receive attention in the following 
discussion. 

The fact that the yields are correlated in the different years for whole 
plots of 0.17 acre, for half plots of 0.085 acre, and for quarter plots of 
only 0.0425 acre emphasizes the permanence of the substratum differences. 
We now have to compare the correlations secured for these three divisions. 
The difference in the actual magitudes of the correlations appear in 
Table VII. The three entries, when all comparisons are possible, show: 
(1) the difference between the correlation for whole plots and half plots, 
(2) the difference between the correlation for whole plots and quarter 
plots, and (3) the difference between the correlation for half plots and 
quarter plots. 

The signs are positive when the correlations are larger for the larger 
areas. 

The comparisons show that in general the correlations decrease in 
magnitude as the areas upon which they are based are subdivided. Thus 
16 of the 22 comparisons of the correlations deduced from whole plots 
and from half plots (first entry) show a lower correlation in the half plots 
as compared with 6 which show higher correlations in the half plots. 


Taste VII.—Differences in interannual correlations for whole plots, half plots, and 
quarter plots 
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Of the 12 comparisons possible between the interannual correlations 
deduced from whole plots and from quarter plots (second entry), 9 show 
lower correlations for quarter plots as compared with 3 which show 
higher correlations for the quarter plots. - Finally, all 12 of the correla- 
tions deduced from quarter plots are lower than the correlations deduced 
from half plots. 

It appears, therefore, that 0.085 and 0.0425 acre are rather too small 
to give the highest values of the interannual correlations. On areas 
of this size other factors than the peculiarities of the plots themselves 
have too large an influence upon variation of yield to allow the indi- 
viduality of the plots to express itself fully in its influence upon the yields 
of successive years. ~ 

In support of the conclusion that the lower value of the correlations 
for half and quarter plots is due to the greater variability of the yields 
of these plots we note that the coefficients of variation for subplots are 
without exception larger than those for the plots of the original size. 
The coefficients of variation are as follows for the years in which the plots 
were subdivided. 





Whole | Quarter 
plots. Half plots. plots. 


1913, alfalfa I | 14. §2 14. 93 | 
1913, alfalfa II | 13.60 16. 59 
1913, alfalfa I and II II. 11 13. 34 
1914, alfalfa I | 17.94 20. 04 
S016, DHE Phos cic. cee seas 19. 81 21.77 
1914, alfalfa land II...... 17.47 18. 90 
1915, ear corn 7.29 8. 43 
EGS SIN oe as Sis Baa Fs OF Eso Vas CmbR NNER A Kems 13-43 15. 88 




















It is now desirable to examine the results for the individual crops. 
In doing this it may be noted that there are two factors to be taken into 
account. First, there is the possibility of an inherent difference in the 
plots which is persistent from year to year and is quite independent of 
the crop grown. Second, it is conceivable that the crop itself may exert 
an influence upon the soil such that the yields of subsequent crops will 
be influenced by variations in its growth which are measured in terms of 
yield. 

The first of these factors would influence all correlations between 
plots—those between the yields of given years and the yields of both 
preceding and subsequent seasons. The second would influence only 
correlations with subsequent years. 

In a series of only 46 plots it will probably be impossible to distinguish 
between the influences of these two factors. 

We note that the higher yields of beets are followed by lower yields of 
alfalfa in 1912, but that there is practically no relationship between the 
yields of sugar beets in 1911 and the yield of other crops on the same 
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plots from 1913 to 1918. Possible exceptions are ear corn in 1915 and 
silage corn in 1918, for which the correlations are positive and perhaps 
statistically significant in comparison with their probable errors. The 
correlations for yields of sugar beets in 1911 and yields of barley in 1919 
are negative in sign and apparently statistically significant in compari- 
son with their probable errors. We have no explanation to offer con- 
cerning this apparent relationship. The average value, with regard 
to sign, of the correlations between the yield of sugar beets and other 
crops is — 0.077. 

The correlations between the 9 different cuttings of alfalfa made during 
1912 to 1914 and all other yields are generally positive and statistically 
significant in comparison with their probable errors. The only excep- 
tions are the negative correlation with sugar beets in 1911 which have 
already been noted and the slight and statistically insignificant correla- 
tion for the 1912 yield of alfalfa and the yield of silage corn in 1918. 

Since it is quite reasonable to assume that in a crop harvested more 
than once a year thickness of stand and variation in the size of the indi- 
vidual plants will have a large influence on the yields of the different 
plots in*the same year, the correlations between the different cuttings 
of the same year as well as those between single cuttings and totals of 
two or more cuttings in the same year have been omitted from the tables. 
The correlations between different cuttings in the same year are given 
in Table VIII. 


TaBLE VIII.—Comparison of correlations between different cuttings of alfalfa in the 
same year 


Cuttings of alfalfa. Whole plots. Half plots. Quarter plots. 


1914, first and second cuttings. .) + .711+ .049 | + .633+ .042]| +0. 558+0.034 
1914, first and third cuttings....) + .595+ .064 | Ree elcaie sd wae eatas bas oid oa tatad uke 
1914 (first plus second) and | 

TEASE CUED, 05 oo nice Sa os oe | + .653+ .057 | PA ealeae OLS ae NNd Spee Dae Th OG 


1913, first and second cuttings. .| +0. 454+0.079 | +0. 4420. 057 | 





We shall now consider the correlations between the yields of alfalfa 
and between the yields of alfalfa and of other crops on the same plots in 
different years. The individual constants may be studied in the funda- 
mental table (Table IV). The averages are given in Table IX. This 
shows that the correlations between different cuttings of alfalfa are on 
the average larger throughout than those between the yield of alfalfa 
and the yields of other crops on the same plots. 
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TaBLE [X.—Combparison of correlations between different yields of alfalfa with correla- 
tions between yields of alfalfa and yields of other crops 





ers —— 

, | With other With | 

Cuttings of alfalfa. ® | cuttings of yields of | Difference. 
| alfalfa. other crops.| 








ROUH, COMI wiics 084 sae 18 See hacen eenes » ys 331 | +0.171 | +0. 160 
Pa IE Sonia 5 ae cas Cac ore be nes bea E AD 611 | + .187 | + .424 
TOES, SOURIS CHOPIN ov.cs sch ios oe oeeis's dnc de xe ¥ awa deeee : .604 | + .282 | + .322 
1933, first and second cuttings.................ceceees + .720| + .274| + .446 
MA TICs oc 5 rie aeaernt ous gi cone sh age accede + .666|} + .295| + .371 
RORAy OURO IN IIE ovo cecse dioe xe nau cvs vac¥eeswens | + .629/ + .244| + - 385 
1914, first and second cuttings. .................00005- + .699| + .290| + .409 
1914, third cutting. . Documents enema et 5 ee | + .303| + .221 
1914, first, second, and thied cuttings. err reey | | + .316 | + .390 





It is clear, therefore, that either stand or specific adaptation of the 
individual plots to alfalfa influences to an unusual degree the closeness 
of correlation between the yields of the plots of alfalfa in the different 
years. 

In the first crop of ear corn (1915) we find higher yields of ear corn in 
1916, a negligible differénce in the yield of oat grain and straw and total 
yield in 1917, higher yield of silage corn in 1918, and slightly but not 
significantly higher yield of barley grain, straw, and total yield in 1919 
following higher yield of corn in 1915. 

Turning to the constants for ear corn in 1916, we note that higher 
yields of grain in this year are followed by higher yields of oat straw 
and grain in 1917 and of silage corn in 1918, and by slightly higher 
yields of barley grain and straw in 1919. 

The average value of the correlation between the yield of ear corn 
in 1915 and the yield of other crops during the eight years is +0.167, 
whereas that for ear corn in 1916 and other crops is +0.486. These 
averages include the correlations for alfalfa, which are, as shown by 
Table VIII, high for the crop of 1916. 

Considering the correlations for oat straw, grain, and total crop on 
the several plots in 1917 and the yields of silage corn in 1918, we find 
that higher values of each of these measures of capacity for oat produc- 
tion are on the average followed by slightly, but perhaps not signifi- 
cantly, higher yields of silage corn in 1918 and generally by higher 
barley yields in 1919. 

For the oat yields the average correlations with other crops are: for 
straw, + 0.202; for grain, + 0.289; and for total yield, + 0.293. 

The correlations of the yields of silage corn with the yields of the 
preceding crops are, with one exception, positive in sign. The average 
value for the eight years is + 0.226. 

The averages of the correlations between barley yields and the yields 
of other crops on the same plots during the eight years of the experiment 
are +o0.141 for grain, + 0.086 for straw, and +0.126 for total yield. 
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Summarizing this discussion of the results for the individual crops, 
we have the following average values of the correlation coefficients: 





Torr, suger beets... 0.0000... +O. 07) | 1988, GOL CORN. eS ok +o. 167 
rote; Gotel QUA. «2.6. 6. ess Fe i Lo: en + . 486 
TEC PRISE Riis 5 o.c55 3 nek supine s oe Re yi 3. a rene + .202 
a 2: Ser eee S|. + .289 
tors, seura TD and IT... .55.... > GAS 1 IQET EONS 6 Sirs sng wenn vice + .293 
DRE STEMI ER 5 bine ininy sso 8 e059 + .401| 1918, silage corn................ + .226 
TR aR ee ee ee + .354| 1919, barley grain............. + .141 
ror4; altalfa Fand IT: .......;.. + .407]| 1919, barley straw............. + . 086 
ee ie © @ a are rr + . 366] 1619, total barley............... + .126 
s9t4; Salle: L to TIT 545.0: 6005 53 +608 | General avetade. ... 5... 1eei ek ae + .274 


With the exception of the sugar beets the average correlation for 
every crop is positive in sign, and in many cases it is of a very material 
value. 

Returning to the averages for the individual crops, we note from 
Table IX that the lowest correlation for alfalfa, whether with other 
cuttings of alfalfa or with the yield of other crops, is that for the single 
cutting of 1912. 

It might be suggested that the 1912 yields of alfalfa are less likely 
to reflect the real producing capacity of the plots than the yields of the 
later cuttings of this crop, for the reason that the first cutting of alfalfa 
when sown without a nurse crop is subject to much variation because 
of slight differences in surface condition of the soil at seeding time and 
also because of differences in weediness of different plots. Both these 
conditions would become relatively less important in their effect on 
crop yield after the first cutting. 

Because of its nitrogen-fixing capacity and the resistance to decay of 
the roots and stubble of alfalfa the correlation between the various 
yields of this legume and the yields of subsequent crops is of especial 
interest. Fortunately two crops of ear corn were grown immediately 
after the alfalfa, which was broken up in the fall of 1914. 

A comparison of the correlations of these two series of corn yields 
with the preceding yields of alfalfa is made in Table X. These coefficients 
indicate a positive correlation between all the yields of alfalfa and the 
yields of ear corn in both 1915 and 1916. 

Of the 19 correlations determined between the yields of alfalfa for 1912 
to 1914 and the yields of ear corn in 1915 only 9 may be looked upon 
as probably significant in comparison with their probable errors. Of 
the 19 correlations between the yields of alfalfa in 1912 to 1914 and the 
yields of ear corn in 1916 only one coefficient—that for the 1912 yield of 
alfalfa and the 1916 yield of corn—can not be considered as represent- 
ing a real agronomic relationship between yield of alfalfa and yield of corn. 

The constants for 1916 are without exception larger and with two 
exceptions significantly larger in comparison with their probable errors 
than those for 1915. 








351 








16S - fgod - asBlaAy 
Lo-L+ > -6f+ 00 *z+- ose « 
Pt esa" seeped» 4) IIT 09 | eppese “bx6r 


gf f+ v or+ 1h £4. é 
1or *F1gf- 6b0 -ForL- GRO *F6ck - a} III eypeyre ‘Pr6x 


62 *L+ o -ff+ cr *I+ ‘¥16 
vSo-F 19S + | vzo-F61L- . . zlo*FS£904 | fzo-Fozg- . . 10% *F gL - gzo -FgSg° g60°Foers + ee see 


go 6+ O*Ie+- ; $z-g+ ze -ft+ ‘ go -L+- 8 0c+ we + : ‘ 
LSo0 *Fozs + of0 *F6z9° * . 9Lo0 *Lz9 ‘0+ z£o *F6EL- . . Qor *Fgbl- gto *F6gL- 660 + 10 a II Buse “¥x6r 


9f “8+ o-zt+ 4 66 -9+ £-fe+ q 96'S + z-te+ 46°14 e 
So =F ggr- 60°F 2b9° . . ¢lo ForS-04 | 1f0-F PHL: . . for *F 119° gf --Fo0g 960 -7F6gr - a] I eqeye ‘v161 


49 °L+ 9 °9e+ ‘ erI-9+ €-er+ £4 -1+ ‘ 
€Lo *FOgS 0+ 620 -FgoL* + ° oh for *FEEQ* gfo -F 108° 160 -7Fg91 * II pus | eypesye ‘f16r 





Ogo * F6gE -0+ £¥o -FgI9° + - + Sor -Sgv- + go -Fozl- £60 -SSz- a} II Hee £161 





Lr-L+ ¥-gr4 ve $4 err ve- 4 , 
glo oF 195 04 | Leo -0Fgg9 0+ S1r-FE1g* + | gSo*FL¥Q* 4+ 660 -F¥£o - I Byreye “£161 
gh 0+ | SL*34 gO *I+ ‘ 
BEI ‘OF HQC 0+ | 160 -077BL1 0+ | 960 OF gO1 04 Byespe ‘e167 




















‘aouaIagIC g161 |; ‘sumed | 9161 











16916—20-——2 


*sjoId JayrenO *szojd yyeH “szojd sou 
| 











4 
a} 
Q, 
~ 
s 
= 
.) 
& 
Ne 
SS) 
ny 
R 
R) 
~ 
~ 
6 
3 
= | 
~ 
= 
~ 
Q 
ce 
g 
= 
8 
= 
— 
cS 
A, 
g 
2 
g 
a 





uso fo Jos puanbasqns puosas ayz fo puns ayy fo spark pun vfivfiv fo spark usomyaq suoynjesso2 fo uostuvgdmoj— X AAV], 














352 Journal of Agricultural Research Vol. XX, No. 5 





The average value for the nine pairs of correlations deduced from 
the yields of whole plots is +0.159 for alfalfa and corn yield in 1915 
but +0.708 for alfalfa and corn yield in 1916. For the six pairs of 
correlations which may be deduced for half plots the average of the 
coefficients for the various yields of alfalfa in 1913 and 1914 and the 
yield of ear corn in 1915 is +0.181, whereas the average correlation of 
the same yields of alfalfa with corn one year later is +0.729. Finally, 
in the four cases in which it was possible to calculate correlations between 
alfalfa and corn yields on the basis of data for quarter plots the average 
for the correlations with ear corn in 1915 is +0.159, whereas the con- 
stants showing the relationship between the yield of alfalfa in 1913 and 
1914 and ear corn in 1916 give an average of +0.626. . 

This more intimate relationship between the yields of alfalfa and the 
second crop of ear corn does not necessarily mean that the corn crop of 
1916 was larger than that of 1915 but merely that the variations in the 
individual plot yields in 1916 are more dependent than those of 1915 
upon the yields of alfalfa during 1912 to 1914. As a matter of fact the 
average yield in 1915 was 522.6 pound per plot, while in 1916 it was 
396.2 pounds per plot. The greater yield in 1915 may have been, and 
probably was, due to factors other than soil conditions as such. 

It is of interest in this connection to turn back to the table of coeffi- 
cients of variation of yield (p. 347) and to note that for whole plots, half 
plots, and quarter plots the coefficients of variation of plot yield are 
distinctly lower in 1915 than in 1916. This result is quite in line with 
what one would expect if the fixed nitrogen of, the varying growths of 
alfalfa were not yet fully available in 1915. 

There is also another possible explanation for the lower correlation 
between the alfalfa yields and the yields of corn in 1915. It is always 
a difficult matter on the heavy soils at Huntley to break up alfalfa sod 
and to get the soil into good tilth for the succeeding crop. It may be 
that some of the plots in this field include heavier soil which ordinarily 
gives good yields but which was harder to get into good condition in 
time for the 1915 corn crop. If this were the case, these differences in 
tilth might have been smoothed out by the season’s cultivation so as 
not to be expressed in the 1916 crop yields. 

Some light may be thrown upon the problem of the residual influence 
of alfalfa in the following manner. 

If the correlations between the plot yields of later crops be in a large 
degree determined by differences in fertility referable to differences in 
stand and yield of the preceding alfalfa crops, one might expect a closer 
correlation between the yields of ear corn in 1916 and oats in 1917 than 
between ear corn in 1916 and ear corn in 1915, since, as is shown above, 
variations in the alfalfa yields have little influence until 1916. This 
will be true, provided there be a residual influence of the variations in 
the yields of alfalfa such that these variations in fertility due to varia- 
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tions in yield from 1912 to 1914 inclusive will influence not merely the 
yield of corn in 1916 but the yield of oats in 1917, etc. The correlations 
between corn yields in 1915 and corn yields in 1916 and the yields of 
subsequent crops are shown side by side in Table XI. 


TABLE XI.—Combparison of correlations of the yields of ear corn in 1915 and in 1916 
with the yields of subsequent crops 








Corn, rots. Corn, 1916. Difference. 


Oat grain | —0.025+0.099 | +0. 49740. 075 | +o. 522+0. 
Oat straw + .112+ .098 | + .220+ .095 + .108+. 
Total yield + .072+ .099| + .407+ .083 | + .335+. 


Silage corn -459+ . -439+ .« 


Barley grain + .og42+. . 104+ . 008 
Barley straw + .184+. -144+ .097 | 
Total yield + .119+. - 135+ .097 | 


+ .062+ .139 
— .o40+ .136 
+ .o16+ .138 














These comparisons show that the yields of oats in 1917 are much 
more closely correlated with the yields of corn in 1916 than with the 
yields of ear corn in 1915. No such relationship is apparent in the 
correlations for silage corn in 1918 or for barley in 1919. The after 
effect of the alfalfa crops of 1912 to 1914 is, therefore, apparently largely 
limited to an influence on the yield of oats in 1917. 

Turning from this indirect to a more direct method of comparison, 
we have determined the averages of the correlations between the several 
individual cuttings of alfalfa and the yields of the single antecedent 
and of the five subsequent crops. The results are given in Table XII. 


TABLE XII.—Averages of the correlations between the cuttings of alfalfa in 1912 to 1914 
and the antecedent and succeeding crops 





Crop correlated with alfalfa. Grain. Total yield. 





Suga Dewi, 1eeti 5. ok os ek TR al ae eee © ; 


| 
. | | 
| 


Ear corn, 1915 
Ear corn, 1916 
Oats, 1917 
Silage corn, 1918 
Barley, 1919 





There should be no correlation between the yield of sugar beets and 
alfalfa except that due to the initial heterogeneity of the field. The 
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insignificant negative correlation observed may be due to some pecu- 
liarity of the crop. The comparison of the correlation for the 1915 and 
1916 corn crops has already been made (Table XI). Inspection of the 
averages in Table XII shows that on whatever character they are based 
the correlations decrease from the maximum relationship observed in 
1916 to the lowest values in 1919. 

Whether the residual influence of alfalfa per se has any influence on 
the 1919 or later crops can only be determined by further experimenta- 
tion in which the interannual correlations can be deduced from the 
yields of plots upon which alfalfa has not been grown. 


III.—DISCUSSION AND RECAPITUI,ATION 


The purpose of this paper has been to present the results of a new 
method of attack upon the problems of (a) the permanency of the differ- 
ences which are found in the plots of an experimental field, and of (5) 
the influence of variations in the yields of certain crops in the rotation 
upon the yields of subsequent crops. 

The data upon which the studies were primarily based comprise the 
yields of 46 plots—subdivided in several cases into half plots and quarter 
plots—each of 0.17 acre in area at the Huntley (Mont.) Field Station of 
the Office of Western Irrigation Agriculture for the nine years between 
Ig11 and 1919, inclusive. 

The uniform cropping experiment, involving sugar beets, alfalfa, 
corn, oats, and barley, was initiated merely to determine the variation 
in the yields of plots of a given size when homogeneously planted and 
uniformly treated. The experimental procedure was, therefore, deter- 
mined in advance and was wholly independent of the statistical analysis. 
This is in certain regards fortunate. It frees the data absolutely from 
any suspicion of an influence of preconceptions or of personal equation 
on the biometric results. On the other hand, it is quite possible after 
the statistical analyses have been made to recognize ways in which the 
experiments could have been improved and made to yield more valuable 
results. This is, however, a feature of research in general. The dis- 
covery of inadequacies in a first set of experiments makes possible their 
elimination in subsequent work. The most unfortunate defect in the 
data was that the harvesting and weighing could not be done by half 
and quarter plots in 1917, 1918, and 1919, but this curtailment could 
not be avoided under existing conditions. 

The results of a previous study (3) have shown that fields selected for 
plot tests of all kinds are practically without exception heterogeneous 
to a degree that influences profoundly the yields of the crops grown 
upon them. It was there pointed out that the correlation between 
the yields of adjacent plots might either be due to initial physical and 
chemical differences in the soil or be referable to the influence of previ- 
ous crops upon the composition, texture, or tilth of the soil. 
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The first purpose of the present study has been to determine whether 
such differences in fields selected for their apparent uniformity by skilled 
agronomists are of a purely transitory nature or whether they are of a 
relatively permanent character. 

This problem can be solved by determining whether in such series of 
uniformly treated plots the yields of the same plots in different years 
are correlated. 

The results of the present study show that of the 152 correlations be- 
tween the yields of the plots in different years, 133 are positive as com- 
pared with 19 which are negative in sign. The average value of the 
positive correlations is + 0.335, whereas the average of the negative 
constants is—o.148. The general average is + 0.274. With the excep- 
tion of the 1911 crop of sugar beets the correlation between the yields 
of each individual crop and the yields on the same plots in the eight 
other years of the experiment are on the average positive. 

The data available for half and quarter plots fully substantiate the 
results for whole plots. 

The results show conclusively, therefore, that plots, even of the small 
size and apparent uniformity of those at the Huntley Station, are 
characterized by differences which may persist throughout a period of 
years. Thus, in general, plots which produce more in one year will 
produce more in another year. 

This is, of course, a well-recognized principle for large tracts. Its 
validity for small plots has apparently not been recognized heretofore. 
It is probably not a principle of universal applicability, because of the 
fact that meteorological as well as soil conditions play a large part in 
determining yield. It is quite probable that certain soil characteristics 
would result’in maximum yields with one set of meteorological con- 
ditions but in minimum yields with another complex of aereal con- 
ditions. 

The determination of the proximate factors to which these corre- 
lations are due presents a problem of considérable difficulty. Unfor- 
tunately (for this phase of the problem only) alfalfa was introduced 
early in the rotation and occupied the ground for three of the nine years 
covered by the experiment. It seems quite possible that the correlations 
between certain of the yields is due in part to the variation in nitrogen 
content of the soil referable to the variation in thickness of stand and 
strength of growth of the alfalfa crops. 

The results show that there is but little correlation between the alfalfa 
yields of 1912 to 1914 and the ear corn yields of 1915, whereas the corre- 
lations for ear corn in 1916 are high. Thus the influence of alfalfa 
upon the yield of a subsequent crop is not fully evident until the second 
year after it is turned under. 

There is a definitely demonstrable residual influence of the variation 
of alfalfa yields upon the yields of subsequent crops. The influence of 
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the alfalfa upon the yield of subsequent crops decreases with the lapse 
of time from the maximum correlation found for ear corn in 1916. The 
residual influence of the alfalfa is clearly marked in the oat crop of 1917 
and may still be evident in the silage corn and barley crops of 1918 
and 1919. 

In view of the early introduction of alfalfa into the rotation, it is 
impossible to determine whether the correlations between yields other 
than those for alfalfa are due to the variation from plot to plot of the 
amount of nitrogen fixed by the alfalfa or whether it is to a considerable 
extent due to the original heterogeneity of the plots. This and other 
problems which will suggest themselves to the reader can be solved only 
by the analysis of further experimental data. The illustrations of the 
present paper are sufficient to show the value of the application of the 
interannual correlation method to agronomic problems. 
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SOME CHANGES IN FLORIDA GRAPEFRUIT IN 
STORAGE! 


Lon A. Hawkins, Plant Physiologist, and J. R. MAGNESS,? Scientific Assistant, Office 
of Horticultural and Pomological Investigations, Bureau of Plant Industry, United 
States Department of Agriculture 


INTRODUCTION 


Zoller (rr), in his paper on the constituents of the grapefruit (Citrus 
decumana), has pointed out that very little attention has been paid to the 
chemical constituents of this important fruit. This statement might 
also be made concerning the physiology of the fruit and the changes 
which go on in it after it is removed from the tree and held at storage 
temperatures. Some analyses of grapefruit have been made, however, 
by various investigators. 

Chace, Tolman, and Munson (4) in their work on tropical fruits analyzed 
several different varieties of grapefruit. Rose (8) and others connected 
with the Florida Agricultural Experiment Station have made many 
analyses of citrus fruits in working out a basis for the regulation of the 
shipping of them. These last-mentioned analyses were for the most 
part determinations of the acid and sugar content of the pulp or juice and 
of the soluble solids present in the juice. 

Collison (5) determined the acids and sugars in the juice of several 
varieties of grapefruit picked at various times during the season. He 
found, in general, that there was a decrease in acidity and an increase in 
sugar content as the season advanced and that after the fruit matured the 
sucrose was gradually broken down to reducing sugars. The fruits were 
analyzed shortly after removal from the tree. 

Shamel (9) quotes a number of analyses of Florida and California 
grapefruit by E. M. Chace. Zoller (rr) found that the acid of the pulp 
decreased during storage and records a marked increase in sugars after 
the fruit is removed from the tree. He found also that the content of 
the glucoside naringin, which is the bitter principle of grapefruit, was 
less in the peel after storage. This writer apparently used only a small 
number of fruits in his storage experiments, the work being for the most 
part a chemical study of the various constituents of the fruit. 

Chace and Church (3) recently made a chemical study of some different 
types of grapefruit grown in California and Arizona. They determined 





1 This paper gives the result of a portion of the work carried on under the project “ Factors Affecting the 
Storage Life of Fruits.” 

? The writers’ thanks are due Mr. L. B. Scott, formerly Pomologist, Office of Horticultural and Pomologi- 
cal Investigations, for advice and helpful criticism while this work was in progress. 

3 Reference is made by number (italic) to “ Literature cited,” p. 372-373. 
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the acid-solids ratio of grapefruit picked at intervals throughout the 
season from a number of localities. Some little work was also done on the 
effect of cold storage and storage in lemon curing rooms on the acid-solids 
ratio of the juice as compared to that of similar fruit direct from the tree. 
The data given seem to show that there is an increase in the acid-solids 
ratio during storage. 

While other investigations have been carried out on certain chemical 
phases of the composition of grapefruit, the articles mentioned above are 
apparently all that are of interest in connection with the present work. 

It is evident from the brief review of the literature here presented that 
the longer the fruit is held on the tree the lower the acid content. The 
acid content also apparently decreases during storage. The sugar con- 
tent increases in fruit on the tree as the season advances, and some 
evidence is brought out that it increases during storage. 

The present investigation was taken up to determine the effect of 
storage at various temperatures on the fruit and particularly on the 
sugar and acid content of the pulp, since these substances nake up the 
major portion of the dry matter of the pulp or interior of the fruit, with- 
out the seeds. 

METHODS OF EXPERIMENTATION . 


The fruit used in these experiments was from single trees of two 
named varieties, Silver Cluster and Davis, and ‘common Florida.”"* Most 
of the work was done with the two varieties last mentioned, the fruit of 
these varieties all being from three trees, one Davis and two ‘‘common 
Florida.’”? 

The fruit from each tree was packed separately and was shipped to 
Washington, where the storage experiments were carried out. The first 
season’s experiments, those of 1917-18, were preliminary, and only 
Silver Cluster fruit was used. All the fruit was obtained from one tree. 
It was shipped to Washington, where part of it was stored at 86° F. and 
the rest placed in a commercial cold storage at 32°. In the experiments 
with this fruit, the juice alone was analyzed, though the comparative 
percentage of peel and pulp was determined in some cases. The method 
followed was to peel the fruit, grind the pulp, and press out the juice 
through thin muslin. The acid-solids ratio was determined according to 
the usual method (8), and samples were, in most cases, made for siigar 
determinations. The samples for sugar determinations were pipetted 
into 250-cc. volumetric flasks, cleared with neutral lead acetate, made up 
to volume, filtered, and the excess lead removed with sodium oxalate. 
The reducing substances in this solution were determined. For total 





1 The writers are indebted to Mr. W. J. Krome, of the Medora Grove, Homestead, Fla., for his kindness 
in picking, packing, and shipping the fruit from these three trees at various times during the season, and to 
Mr. F. S. Poole, of Lake Alfred, for the Silver Cluster fruit used in the first season’s work. 

2 “Common Florida”’ is the name applied in Florida to fruit of seedling grapefruit trees or trees budded 
from seedlings to which no distinctive varietal name has been applied. The term, therefore, may include 
fruit which represents a rather wide range in some of its characteristics. 
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sugars a 50-cc. aliquot was pipetted into a 100-cc. volumetric flask, the 
sucrose inverted by adding 5-cc. of concentrated hydrochloric acid and 
allowing it to stand overnight at room temperature. This solution was 
made up to volume, neutralized, and the reducing substance in it was 
determined. 

Matthews’s modification of Bertrand’s method (7, p. 994) was followed 
in the determination of the sugars. The sugars were calculated as dex- 
trose according to Munson and Walker’s tables (r0). 


PRELIMINARY EXPERIMENTS, 1917-18 


Table I shows the results obtained from several experiments in which 
fruit was placed in the incubator maintained at 86° F. In these experi- 
ments a sample consisting of six or more fruits was analyzed when the 
fruits were placed in the incubator, and analyses were made at the 
dates indicated in the first column. In experiment 2 fruit of the same 
lot as that used in experiment 1, which had been kept in cold storage 
since November 28, was placed in the incubator on January 6. The 
analyses on this latter date give data as to the effect of storage at 32° 
on the acid and sugar content of the fruit. The change in the acid- 
solids ratio of this fruit maintained at 86° for 15 and 28 days is shown 
in the table. 


TaBLE I.—Changes in the composition of Silver Cluster grapefruit during storage at 86° F. 
as indicated by the change in acidity and sugar content of juice 


EXPERIMENT I 


























Sugar as dextrose 
, Soluble Acid- 

Date sampled. —_—- solids lS aghiameeD sate or ane ee 
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From Table I it is evident that there is a decrease in acidity when the 
fruit is stored at warm temperatures, while there is little, if any, de- 
crease in the total sugar content of the juice. The reducing sugar is 
increased somewhat, but there is a corresponding decrease in the cane 
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sugar. The acid-solids ratio increases markedly in storage at 86° F., 
but there is no evidence of change at 32° in 38 days. 

Some idea of the shrinkage in grapefruit and the change in acid-solids 
ratio was obtained in another experiment in which eight grapefruits 
which had been stored for 13 days were removed from storage, weighed, 
four of them peeled, and the percentages of peel and pulp determined. 
Acid, sugar, and soluble solids were determined in the juice of these 
four fruits. The other four fruits were placed in the incubator at 86° F. 
and allowed to remain 12 days. They were then removed, weighed, 
and the percentage of shrinkage, the percentage of peel, and the acid 
and soluble solids determined according to the usual method. The data 
obtained from these determinations are shown in Table II. 


TaBLE II.—Acids, soluble solids, acid-solids ratio, shrinkage, and peel in single Silver 
Cluster grapefruit 





When placed in storage. | After 12 days’ storage at 86° F. 




















| 
eg eS . A . Fruit , | Mia ve 
No. ; Soluble | Acid- No. : Soluble | Acid- | Shrink- | 
Acid a8 |"solids | solids | Peel. Acid as |" solids | solids | ageof | Peel. 
* | (Brix). | ratio. * | (Brix). | ratio. fruit. | 
Per cent. Per cent. Per cent: | Per cent,| Per cent. 
Res wewaeme 1.07 9- 75 O2e2 2 0.95 11.67 |12.27:1 24 | 23 
Winaseeees 1.17 9-15 oe aS Be +93 11.61 |12.49:1 32 | 18 
"Fee | 1.12 909 | Brit he Re I. 00 11.07 |11.07:1 26 | 21 
ve per ceax | 1.14 10. 35 QI: 87. | Becvcvee 1.02 11.61 |11.37:1 35 18 























The data in Table II show that the acidity decreases markedly and 
that the acid-solids ratio is much higher after storage for 12 days at 
86° F. Much of this apparent increase in soluble solids is probably due 
to a concentration of the juice by the loss of water from the fruit. 
Inasmuch as the average shrinkage of the fruit is 29 per cent, while the 
average percentage of peel dropped from 27 to 20 per cent, obviously 
much of the water given off comes from the pulp. 


EXPERIMENTS IN 1918-19 


In the second season’s work, Davis and ‘‘common Florida’’ grape- 
fruits were obtained from Mr. W. J. Krome, Homestead, Fla. The 
entire crop from three trees was used in the storage experiments, one 
picking being made from the Davis tree and two from the ‘‘common 
Florida” trees. The fruit was shipped to Washington by express and 
stored at the cold-storage plant at Arlington Farm. Cold-storage tem- 
peratures of 32°, 36°, and 40° F. were used as well as common storage 
at a mean temperature of about 50°, probably fluctuating 5° above and 
below that temperature, and two warm storage temperatures which were 
about 70° and 86°, respectively. , In most cases the fruit was weighed 
when placed in storage so that the skrinkage could be determined. 
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The structure of citrus fruit makes the study of the physiological 
changes taking place in it rather difficult. Considering the peel, pulp, 
and seeds of the fruit, there are then three structures which have very 
different water contents and water-holding powers. It is impossible to 
grind the entire fruit and weigh out comparable samples. It would be 
impossible to slice the fruit and expect the various slices to be compar- 
able because of loss of juice from the pulp in slicing and the fact that the 
seeds are not necessarily evenly distributed. If fruits are sliced and 
the seeds removed, the operation is liable fo be attended with a con- 
siderable loss of juice. After a number of experiments, the following 
method of sampling was decided upon. After the fruit was weighed it 
was peeled by making two cuts through the skin completely around the 
fruit, the cuts crossing each other at right angles at the stem and blossom 
ends. The peel was removed, and the thickness of each quarter was 
measured midway along the side by means of callipers. Such por- 
tions of the rag as adhered to the fruit were removed, and the fruit was 
weighed again. The percentage of peel was calculated from the weights 
before and after peeling. The fruit was divided into segments, and the 
seeds were removed, care being taken that no appreciable amount of 
juice was lost. Duplicate samples were made from segments from 
opposite sides of the fruits. One segment from each of the 10 fruits was 
used for each sample. While this method is not the most accurate, the 
results of analyses of duplicate samples indicate that it is sufficiently 
accurate for the work. It must always be taken into account that no 
two grapefruits have precisely the same chemical composition and that 
while in this work lots of 10 fruits were commonly used in each set of 
analyses, some variation will occur between any two lots no matter how 
carefully the fruits are selected. 

In preparing the samples for analysis, the samples for sugar deter- 
minations were placed in beakers and covered with 95 per cent alcohol. 
A few drops of ammonia were added to neutralize the acidity, and the 
sample was brought to a boil. It was then transferred to extraction 
thimbles, the alcohol extract was separated at the same time by filtra- 
tion, and the residue was subjected to continuous extraction for about 
14 hours with alcohol in a soxhlet apparatus. The extract was added to 
the filtrate, the whole was made up to 1,000 cc. in a volumetric flask, and 
two 50-cc. aliquots were pipetted off for analysis. Sugar determinations 
were made according to the method already described. 

For the acid determinations, the pulp was brought to a boil in water 
and was placed in liter volumetric flasks under toluol and allowed to 
stand with frequent shakings for about 10 days. It was then strained 
through linen, and two aliquots were titrated against sodium hydroxid, 
using phenolphthalein as an indicator. The dry-weight determinations 
were made by covering the samples with 95 per cent alcohol, driving off 
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the alcohol on a steam bath, and drying in a vacuum oven until there 
was no appreciable loss in weight between successive weighings. The 
results of the sugar, acid, and dry-matter determinations were cal- 
culated to percentage of wet weight of pulp. The percentage of peel 
was determined by weighing before and after peeling. 


COLD AND COMMON STORAGE 


As mentioned earlier in this paper, two pickings were made from the 
two ‘“‘common Florida”’ trees, while all the fruit from the Davis tree 
was picked at the same time as the first lots from the other two trees. 
The first fruits were harvested October 31 and, as the cold-storage rooms 
were not yet completed, were allowed to remain in common storage at 
mean temperature of about 55° F. until November 21, when they were 
sampled. The fruit was then placed in the various storage chambers. 
The results of the analyses of the fruit held at 32°, 36°, 40° at various 
times during the storage season appear in Tables III and IV. The time 
in days after they were first sampled, when they were placed at the 
various storage temperatures, is given in the first columns, and the percent- 
age of acid, sugar, dry matter, and the shrinkage of peel and percentage 
and thickness of peel appear in order. The second lots of fruit from the 
two “‘common Florida”’ trees were picked November 26, and the fruit 
was placed in the three cold-storage chambers December 4. Some of 
this picking was also placed in common storage, and the results of 
analyses of the fruit held in this type of storage are included with the 
data from the three cold-storage temperatures in Table III. 

An inspection of Tables III and IV shows that there is a general de- 
crease in tritratable acids during storage. This decrease would be more 
marked if it were possible to take into account the shrinkage of the fruit 
in storage. The actual decrease in acid would be somewhat more than 
that shown in the table. 

In comparing the acid content of the fruit held at the three different 
cold-storage temperatures, 32°, 36°, and 40° F., it is evident that there 
is no constant difference in the rate at which the acid decreased. In 
most cases, however, at comparable samplings the fruit from the 40° 
storage is somewhat lower in acid content. This is especially noticeable 
in the Davis fruit (Table IV), where the fruit from the 32° storage is in 
all four samplings higher in acid content than that fruit from the other 
two cold storages. 

The ‘‘common Florida’’ fruit in common storage was in general lower 
in acid than comparable lots in cold storage, with the exception of the 
second sampling which was made 42 days after the fruit was placed in 
storage. There was undoubtedly a greater shrinkage in the fruit in com- 
mon storage, as was evidenced by the fact that the peel was thinner and 
the percentage of dry matter increased in the latter part of the season. 
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TABLE III.—Percentage of sugars, acids, dry matter, shrinkage of fruit, peel, and thick- 
ness of peel of “common Florida’’ grapefruit at various times during storage season 
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ugars, acids, dry matter, shrinkage of fruit, peel, and thickness 


of peel of ‘‘common Florida’ grapefruit at various times during storage season—Con. 


TREE 2, SECOND PICK; PLACED IN STORAGE NOV. 21, 1918 


STORED AT 32° F. 
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TABLE IV.—Percentage of sugars, acids, dry matter, shrinkage of fruit, peel, and thick- 
ness of peel of Davis grapefruit at various times during storage season 


PLACED IN STORAGE NOV. 21, 1918 


STORED AT 32° F. 
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A comparison of the acid content of the fruit from the two different 
pickings, when placed in storage, showed that the fruit picked last has a 
somewhat higher acid content, probably because the fruit of the first 
picking stood in common storage 22 days before the first analyses. 

The sugar content of stored fruit is in rather striking contrast to the 
acid content. With few exceptions, the percentage of total sugar is higher 
in the stored fruit than in the samples analyzed when the fruit was placed 
in storage. In some cases, as in the Davis fruit (Table IV), which had 
been stored 139 days at 36° F., the sugar content is more than 30 per cent 
higher than in the analyses made when the fruit was placed in storage. 
The difference is as marked in other cases. In general, however, the in- 
crease in total sugar content is more apparent than real and is probably 
due to the loss of water from the fruit. The shrinkage of the fruit is in 
many cases sufficient to account for the apparent increase in sugar con- 
tent. It is, however, undoubedly true that there is no appreciable dim- 
inution of the sugar content during storage at the four temperatures here 
considered. 

The sucrose content, when calculated as percentage of pulp, remains 
about the same during storage. Apparently the breaking down of the 
sucrose just about keeps pace with the shrinkage of the fruit. This 
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increase in total sugars, then, as the storage season advances, is due to 
an increase in free-reducing substances. 

The dry-matter determinations are not particularly conclusive in the 
analyses here shown. A careful inspection of the data obtained from 
the 17 storage experiments shown in Tables III and IV indicates that 
there is, in general, an increase in dry matter. This is probably due to 
the loss of water from the fruit as well as to losses from respiratory 
activities, both of which are included in shrinkage. 

The shrinkage increases with the length of time the fruit remains in 
storage and is in general around 5 per cent for the first 100 days in cold 
storage. Only in two cases is it more than 8 per cent for the entire time 
the fruit was stored. There is no marked difference in shrinkage in the 
three temperatures. That the shrinkage is from the pulp as well as the 
peel is shown by the fact that the decrease in the percentage of peel is 
not sufficient to account for the loss in weight. 

In general, the peel is from 19 to 25 per cent of the fruit used in these 
experiments, and there is no wide variation between the two varieties. 
The decrease in thickness of the peel during storage is about 30 per cent, 
due, probably for the most part, to loss of water. 


. 


WARM STORAGE 


As mentioned in the earlier part of this paper, in addition to the three 
cold-storage and one common-storage temperatures, grapefruits were 
placed in two warm storages at temperatures of about 70° and 86° F. 
Some lots of fruit were stored in boxes and others in lard cans with tight- 
fitting lids, the lids being removed from the cans occasionally for a short 
time to aerate the fruit. The storage season for this fruit was, of course. 
not so long as for that stored in the cold- or common-storage temperatures, 
The results of analyses of fruit stored at 70° are shown in Table V, while 
data obtained from the 86° storage are given in Table VI. 

TABLE V.—Percentage of sugars, acids, dry matter, peel, and thickness of peel of ‘‘common 
Florida” grapefruit stored at about 70° F. in ventilated and unventilated packages 
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TABLE VI.—Percentage of sugars, acids, dry matter, shrinkage of fruit, peel, and 
thickness of peel of grapefruit stored at about 86° F. in ventilated and unventilated 
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In-an inspection of the tables it may be seen that in general there is 
very little, if any, decrease in titratable acids in the fruit stored in cans, 
that is, in unventilated packages, at either of the two temperatures. 
In some cases there is an apparent increase, as in tree 1 of “common 
Florida,” first pick (Table VI), which had been stored 30 days at 86° 

» F. and again in tree 2 of the same variety, pick, temperature, and length 
of storage period. The increase in total sugar content is more, com- 
paratively, in both these cases than is the increase in acid. In all other 
cases the fruit in the unventilated package has an acid content about 

Boone iN: @ 














368 Journal of Agricultural Research Vol. XX, No. 5 





the same as when placed in storage and an increased sugar content. 
There is some loss of water from the fruit even in the cans which are 
closed most of the time, and it is possible that the acid decreases, the 
decrease in most cases being as rapid as the shrinkage of the fruit. It 
is, of course, always possible that at these high temperatures and under 
the low oxygen pressures some acid is formed in respiration. 

With the stored fruit in ventilated packages the analyses made after 
24 or 30 days, as sliown in Table VI, gave an acid content as high as or 
higher than when the fruit was placed in storage. At the longer storage 
periods in both temperatures the acid content was usually lower than at 
the beginning of the storage period. In every case there was a marked 
increase in sugar content, as calculated to wet weight of pulp. This 
increase was greater where the fruit had been in storage more than 30 
days. 

While no exact data are at hand, it seems probable that the increase 
in acid is due, for the most part, to loss of water from the fruit. Cases 
in which the shrinkage was determined show that it was over 34 per 
cent in 86 days at 86° F., the higher storage temperature. The thick- 
ness of the skin of the fruit and the percentage of peel decrease markedly 
in ventilated warm storage. This, of course, makes impossible the cal- 
culation of the actual shrinkage of the pulp. The percentage of total 
sugar in the pulp is in all cases higher after storage. This increase is 
due in most cases to an increase in the reducing-sugar content, for the 
percentage of cane sugar remains about the same in all analyses. It 
is quite possible, in spite of the apparent increase in sugar content, that 
some of the sugar originally present in the fruit actually disappears 
during storage. 

Another series of experiments was carried out in which fruit from the 
second picking of the two ‘“‘common Florida” trees was placed in the 
warm room at 70° F. after it had remained in common storage 51 days. 
The fruit was stored in cans and boxes, as in the experiments just de- 
scribed. The results are given in Table VII. 

From Table VI it is apparent that fruit removed from common storage 
and placed at a higher temperature behaves the same as fruit stored 
at the higher temperature throughout the season. The findings in this 
series are then mostly corroborative. 

In ventilated packages there was, in some cases, an apparent increase 
in acids, and in others the acid content was a little less. If the exceed- 
ingly high percentage of shrinkage is taken into account, the results 
seem to indicate that there is no actual increase in the amount of acid 
during storage and that there may be a decrease as compared with the 
amount originally present. The sugar content of the fruit stored in 
unventilated packages shows always a decrease in the percentage of 
total sugars present, while in ventilated storage the increase in sugar 
content is in no case more than sufficient to account for the probable 
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shrinkage of the pulp. In one case, tree 1, stored 67 days, the sugar 
content is less after storage, probably because of variation in the samples. 
The results indicate that there may be a slight decrease in sugar at the « 
higher storage temperatures. 


TABLE VII. —Percentage of sugar, acids, dry matter, shrinkage of fruit, peel, and thickness 
of the peel of ‘‘common Florida’’ grapefruit stored 51 days in common storage then 
placed in warm storage 

TREE 1, SECOND PICK 
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There is a marked difference in the shrinkage of the fruit and percent- 
age of peel as well as in thickness of the peel in the ventilated and unventi- 
lated packages, the shrinkage being around 4 per cent in the unventilated 
fruit for 67 days and from 20 to 23 per cent for comparable lots stored 
in ventilated packages. The peel, as would be expected, becomes very 
much thinner in the fruit stored in ventilated storage. 

There is a marked increase in the percentage of dry matter in the pulp 
of the fruit stored in ventilated storage, while that of fruit in unventilated 
packages remains practically constant. 
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To determine the effect of cold storage followed by warm storage upon 
the keeping quality of the fruit and also to obtain more data as to the 
. acid-sugar changes, “common Florida” grapefruits of the first pick, 
which had been maintained at 32° F. for 61 days were removed?weighed, 
and placed in boxes at 70°. The analyses of this fruit after 46 days at 
70°, as compared with the analyses of comparable lots from 32° at the 
time the fruit was placed in the warm chambers, are given in Table VIII. 


TABLE VIII.—Percentage of sugars, acids, dry matter, shrinkage of fruit, peel, and 
thickness of peel of ‘‘common Florida’ grapefruit stored in cold storage 61 days and 
removed to warm storage for a period 


TREE I, FIRST PICK 
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It is evident from Table VIII that there is an apparent increase in 
acidity, as was the case in most of the other warm-storage experiments. 
The total sugar content is somewhat increased, though less propor- 
tionally than the acid content. The percentage of dry matter is 
increased ‘markedly,.the shrinkage at the high temperature is very 
marked, the percentage of peel decreases, and the peel becomes thinner, 
the fruit behaving much as in all the warm-storage experiments. 

It seems probable that there was in these experiments a decrease in 
the sugar during the period of warm storage, while the amount of acids 
remained about the same. The fruit compared very favorably in 
analyses with the grapefruit from the warm-storage experiments, the 
results of which are given in Tables V to VII. 


GENERAL DISCUSSION 


While this investigation is primarily concerned with the acid and 
sugar changes in the fruit, some data were obtained as to the general 
appearance and attractiveness of fruit stored at the various cold-storage 
temperatures and also at common storage. 
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The fruit will apparently keep for a longer period in cold storage than 
in either common or warm storage. In the first place, the losses from 
decay caused by microorganisms are much less in the cold-storage 
temperatures. In the second place, the shrinkage in cold storage is 
much less than in warm, ventilated storage or in common storage. 
A high percentage of the fruit rotted in warm, unventilated packages. 
A high degree of humidity is necessarily maintained in this storage, 
which is very favorable to the growth of various fungi which break down 
the’fruit. There is, therefore, much loss. The fruit which does survive 
this treatment is, however, very attractive in appearance and has an 
excellent flavor. In the third place, the life of the fruit is apparently 
lengthened in cold storage—that is, the average fruit apparently tends 
to break down more quickly when maintained at temperatures above 
40° F. than when stored at lower temperatures. 

An undesirable feature of cold storage is the breaking down or pitting 
of the peel at the temperature of 40° F. or lower. This breaking down of 
the peel begins as a slightly sunken spot, which increases in size and 
becomes brown in color. The sunken portions are usually not more than 
¥ inch in diameter, but several may coalesce, making a large sunken area 
of dark-brown tissue. This does not extend into the pulp, and the flavor 
is apparently unaffected, but the fruits are rendered unsightly. In these 
experiments no pitting was noticeable on the fruit stored at the two 
warm-storage temperatures or in common storage. It occurred only 
on the fruit stored in the three cold storages. In these temperatures 
the fruit at 40° was most seriously affected. There was somewhat less 
pitting on the fruit in the 36° storage and only a little on fruit at 32°. 

. The flavor of the fruit improves in cold storage. The fruit is sweeter, 
as is obvious from the fact that the sugar content of the pulp is higher 
and the acid content lower. The fruit is apparently not so bitter after 
storage, which may be due to the breaking down of the naringin in the 
pulp. Zoller (zz) has shown that this glucoside breaks down in the peel 
during storage. ‘The fruit improves in taste more rapidly at high storage 
temperature than in cold storage, which is to be expected, inasmuch as 
the changes are more rapid in warm storage. After longer storage, 
however, the fruit in cold storage attains the excellence brought about 
more quickly at a higher temperature. 

The experiments in which the fruit was removed from storage at 32° F. 
after 60 days and stored at 70° for 46 days (Table VIII) indicate that 
the grapefruit does not deteriorate rapidly after removal from cold 
storage. The fruit compared very favorably with fruit that had been 
stored at 70° from the beginning of the storage period. 

From the data shown in Tables I to IX, there is no question but that 
the titratable acids in the fruit decrease after the fruit is removed from 
the tree and placed in cold storage, which is in accord with the behavior 
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of the acids in apples, as found by Bigelow, Gore, and Howard (2), and 
others, Bigelow and Gore on peaches, (1) and in pears by Magness (6). 

The sugar content apparently does not decrease appreciably in cold 
storage, though definite evidence on this point is lacking. The shrinkage 
of the peel and pulp may not be proportional, so that an accurate deter- 
mination of the original weight of the pulp is impossible. There is indi- 
cation that the sugar content decreases slightly in warm storage if the, 
shrinkage of the fruit is taken into consideration. There was in no case 
evidence of a markedly increased sugar content in the fruit, mentioned 
by Zoller (rr). There is considerable variation in individual fruits, and 
it is possible that this would account for the increase in sugar content 
which he found. In the preliminary experiments, the results of which 
are given in Tables I and II, it is shown that there is a marked increase 
in the acid-solids ratio after storage at 86° F. This increase in amount 
of soluble solids is undoubtedly due mainly to the loss of water from the 
pulp and a concentration of the juice. While acid-solids determinations 
were not carried out in the later experiments, the results of the sugar 
and acid determinations show that a similar condition would hold for 
fruit stored at the cold-storage temperatures, though possibly not for 
fruit stored for long periods at the higher temperatures used. 

In conclusion, it has been shown in this investigation that the acid 
content of grapefruits decreases in cold storage. There is an apparent 
increase in sugar content in cold storage, calculated to percentage of 
pulp, which seems to be due to loss of water from the fruit. The dry 
matter increases during storage. The shrinkage of the fruit runs from 
5 to 8 per cent in cold storage to around 23 per cent in warm, ventilated 
storage. 

Fruit was kept in cold storage for about six months. The best storage 
temperature seemed to be 32° F, for at this temperature the pitting was 
much less marked. Pitting of grapefruit does not apparently. develop 
at high temperatures but occurs only on the cold-storage fruit. Grape- 
fruits do not keep so long in common storage or warm storage as in cold 
storage. There is much more loss from decay at the higher temperatures. 
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A BACTERIOLOGICAL STUDY OF CANNED RIPE OLIVES 


By Stewart A. KosEr! 


Bacteriologist, Microbiological Laboratory, Bureau of Chemistry, United States Depart- 
ment of Agriculture 


As a result of the first of the recent series of outbreaks of botulism trace- 
able to the consumption of ripe olives infected with Bacillus botulinus,? 
many lots of canned ripe olives were collected by inspectors of the Bu- 
reau of Chemistry for bacteriological examination. These were obtained, 
for the most part, from various retail and wholesale houses in all parts 
of the country and bore the label of the same company as did those re- 
sponsible for the fatalities. While the primary object of the investiga- 
tion was the detection of the presence of Bacillus botulinus, this object 
was extended to include a study of the types of microorganisms respon- 
sible for the spoilage and also to determine whether viable microorganisms 
might be encountered in apparently normal.containers. The containers 
subjected to examination included all sizes of both cans and glass jars. 
Some were apparently normal while others were swelled or obviously 
spoiled. 

In the bacteriological examination of these samples the following pro- 
cedures were adopted asa routine. All containers were opened with usual 
aseptic precautions, and 1.5 to 2 cc. of the liquor were withdrawn by 
means of a sterile pipette. Approximately 0.5 cc. of this was spread 
over a dextrose agar slant (for aerobes), and the remainder was then run 
into a tube of infusion broth under oil. This medium was a 0.2 per cent 
dextrose beef infusion broth (P, 7.4 to 7.6). It was covered before auto- 
claving with a layer of liquid petrolatum. In place of this medium 
there was occasionally used a 2.0 per cent dextrose-beef infusion broth, 
similarly covered with a layer of oil and containing a small piece of meat. 
In most cases a piece of olive was removed with sterile knife or forceps 
and was transferred to the dextrose broth tube. Incubation was at 37° 
C. In additicn, notes were kept on the condition of the container, 
whether normal, swelled, etc., and also on the odor. ' Cans which were 
obviously leaking were discarded. 

It is ‘realized that for the sake of completeness it would have been 
desirable to have included a greater variety of culture media and several 





1 The author wishes to express his appreciation of the valuable criticism and suggestions given by Dr. 
Charles Thom, of the Microbiological Laboratory. 

2 ARMSTRONG, Chas., Story, R. V., and Scort, Ernest. BOTULISM FROM EATING CANNED RIPE OLIVES. 
In Public Health Rpts., v. 34, mo. 51, p. 2877-2905, 5 fig. ror9. 

Jennincs, Charlés G., Haass, Ernest W., and JenninGs, Alpheus F. AN OUTBREAK OF BOTULISM. 
REPORT OF CASES. Jn Jour. Amer. Med. Assoc., v. 74, nO. 2, P. 77-80. 1920. 

Sisco, Dwight L. AN OUTBREAK OF BOTULISM. Jn Jour. Amer. Med. Assoc., v. 74, mo. 8, Pp. 516-521. 
1920. 
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temperatures of incubation. The number of samples, as well as the 
urgency of the examination, however, forbade any elaborate series of 
tests. The total number of cans and glass jars, both normal and spoiled, 
which were cultured by various members of this laboratory, together 
with the number showing the presence of living organisms, is summar- 


ized as follows: 


Experiment with cans 
Exp. No. 


¥. Pamtaber of sicwaanl Coram crt tase og ws ke 0 0: 08 a-g Haas Siegees'd smo ols MMIC Be 181 
Of this number 173 were sterile, while 8, or 4.4 per cent, were found to 
contain viable microorganisms. 
II. Number of “‘swelled”’ or “springy’’ cans cultured. ..................000005 157 
Of these 154 contained living microorganisms, while 3 were apparently 
sterile (2 of these 3 were ‘‘springers,’’ the other was a “hard swell’’). 


Total Mumiber OF CANT CUTE Ss ss pc csc wees con reas cheegwiee 338 
Experiment with glass containers 
Exp. No. 
I. Number of containers normal in appearance and odor...................000- 116 


Of this number 105 were sterile, while 11, or 9.5 per cent, revealed the 
presence of living microorganisms. 
II. Number of containers obviously spoiled or of bad odor. ...............0000- 26 
All of these 26 gave positive cultural results. 


Total number of glass containers cultured. ..............000. eee ues 142 


Total number of cans and glass containers cultured................. 480 


Thus, it is seen that all the obviously spoiled glass jars, and, with one 
exception, all the swelled cans revealed the presence of living micro- 
organisms. On the other hand, the normal containers were, for the 
most part, sterile. In this connection it is interesting to note that 4.4 
per cent of the normal cans were found to contain viable organisms, 
while in the normal glass containers the proportion was decidedly higher, 
namely, 9.5 per cent. Of the 157 swelled or “springy” cans, all but 
three gave positive cultural tests. ‘Two of these three were ‘‘springers,”’ 
due probably to imperfect exhausting, and were no doubt otherwise 
normal. The third was a ‘‘hard swell.” Whether the failure to obtain 
living organisms from this one can was due to lack of a greater diversity 
of culture media or whether the causative organisms had been killed as 
a result of their own metabolic products is not known. 

Of the total of 480 containers examined bacteriologically, 117 of those 
which had yielded positive cultural tests were studied further to gain some 
knowledge of the types of organisms present.- As a rule, extensive cul-_ 
tural and biochemical tests were omitted, and merely the general type or 
group to which the organisms belonged was determined. A summary , 
of the types obtained from the 117 containers thus studied is shown below. 
The figures indicate the number of times each was encountered. 
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Types of organisms found 
ROMOCMEOUE, 5 bbs Uo Dite ees rath Pane hare Riegel dei aa sese 7 om me emp ore ene 81 
Colon group, sluggish liquefaction of gelatin (Bacillus cloacae)................-: 


4 
Bacterium fluorescens (liquefying)............... 2 
PURGE Fe, ine NE tS Vedas eels a thee nee De Redan SOE UT Pak Sola teghes 3 
Other Gram-negative, non-spore-forming bacilli, not identified............. 5 
Gram-positive, aerobic, spore-forming bacilli, gelatin liquefiers— 
NO CN I ie og eos oe hos Snead « Leubwicken ante Ne adbaurs gran 
fe eat gS ee REE AAD A Ure Ps de RUPEES Fp rg SAE OT 4 
Bacillus mesentericus type. ... 0.20... 0.20. e eee. Briglacivn viteth seyet eNews cece 
EG DE GENE ss Eee PenO a tenn ee ee eee 19 
Slender, Gram-positive, aerobic or facultative anaerobic bacilli, oval terminal 
spores, gelatin not liquefied. ......................: Said + 8 bite! aetaghitta ee aera Celie 10 
IIIT SIGUA UU UN 6. ny Con 54 Meiers » waceeetaals EP ed wl Nas wou ga eane ned 31 
RIROUN LNW MURINE TINUE 5 0345. capa ces pes ip ov bie na sebedus mucdae cheenas 10 
Spore-forming, obligate anaerobes. .............06 0. ce ccc cececenetececesers Siok oi 
MMO aiid < sidbe 35a, Mle Cae RRA CASTER TY FAVS Ee Se CUR e Lin aeateweganeentacd 3 
Beales ( Aopangaling tevaeteg) tess iis as «0 os ctaE es Age iin We ain bee eal eeues I 


In addition to these, Bacillus botulinus was found in 7 of the spoiled 
glass jars. A report of the findings of this laboratory with respect to 
Bacillus botulinus, both from the material obtained in the open market 
and from specimens received from the poisoning cases, has been made 
the subject of another paper.” 

The large proportion of non-spore-forming organisms, particularly of 
the colon group and the Coccaceae, was indeed surprising. Many of the 
cultures of the colon group when first isolated exhibited a delayed 
fermentation of lactose somewhat similar to that reported by Bronfen- 
brenner and Davis,’ though not so marked. In lactose broth, acid 
formation was delayed from 48 to 72 hours, while gas was produced 
only after 3 to 5 days’ incubation. After several successive transplants 
in lactose broth, fermentation of this sugar was markedly accelerated. 

Although some of the organisms obtained were placed without diffi- 
culty in their proper groups, others were not identified by the limited 
number of cultural tests employed, and these are designated in the fore- 
going list by their chief cultural characteristics or morphology. Many 
Gram-positive diplococci were encountered. These exhibited a distinct 
lance-shaped appearance in liquid media, with occasional short chains of 
three or four elements. On dextrose agar slants the individual colonies 
appeared as minute white pin points. In beef infusion broth under oil 





1 For identification of this species the writer is indebted to Dr. Margaret B. Church, of the Microbio- 
logical Laboratory. 

2 DeBorp, G. G., EpMonpson, R. B., and THom, Charles. sUMMARY OF BUREAU OF CHEMISTRY 
INVESTIGATIONS OF POISONING DUE TO RIPE OLIVES. /n Jour. Amer. Med. Assoc., v. 74, no. 18, DP. 1220 
1221, 1920. 

3 BRONFENBRENNER, J., and Davis, C. R. ON METHODS OF ISOLATION AND IDENTIFICATION OF THE MEM- 
BERS OF THE COLON-TYPHOID GROUP OF BACTERIA. LATE FERMENTATION OF LACTOSE. Jn Jour. Med, 
Research, v. 39 (n. s. v. 34), MC. 1, P. 33-37. 1918. ° 
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the growth was fairly luxuriant, producing a distinct cloudiness after 24 
hours’ incubation. The other type of Gram-positive coccus encountered 
grew more luxuriantly on plain agar slants and was found upon staining 
to occur in irregular clusters. The several obligate anaerobes were inoc- 
ulated into milk and into the meat medium of Holman.' One culture 
digested the meat with a distinct putrefactive odor. The remaining five 
caused neither putrefaction of meat nor stormy fermentation of milk. 
Dextrose was attacked with acid and gas production. Up to the present 
time they have not been studied further. 

FLORA OF SWELLED CANS.—The flora of swelled cans was found to con- 
sist largely of members of the colon group, for of 85 swelled cans studied 
this group was obtained from 75, and from 4o of these in apparently pure 
culture. In the others they were found in mixed culture with the several 
types of Coccaceae, the aerobic, Gram-positive, spore-forming bacilli, or, 
more rarely, with an obligate anaerobe, with Proteus, or with a yeast. 
In three instances spoilage, with resultant swelling of the can, was 
evidently due to spore-forming anaerobes only. In one instance Proteus 
was found in pure culture. A few of the swelled cans yielded cultural 
results from which no evidence could be gathered as to the type of 
organism causing gas formation within the can. Thus, an aerobic, 
spore-forming, Gram-positive rod was the only type obtained from 2 
swelled cans, while from 2 others Gram-positive cocci were obtained in 
pure culture. Since none of these organisms attacked carbohydrates ? 
with gas production, it is evident that the gas-producer had disappeared 
or was overlooked. 

NORMAL CONTAINERS.—As previously sh6wn, 8 normal cans and 11 
normal glass containers were found to contain living microorganisms. 
Four of these 8 normal cans yielded cultures of the colon group. The 
others contained cocci and several types of aerobic, spore-forming bacilli. 
The finding of members of the colon group in 4 of the normal cans was 
rather surprising. Evidently for some unknown reason the bacilli failed 
to multiply to any extent in these cans. Without exception, the types 
encountered in the normal glass jars were aerobic, spore-forming, Gram- 
positive rods. Several were identified as Bacillus mesentericus and one 
as Bacillus cereus. 

SPOILED GLASS JARS.—The flora of the spoiled glass jars was as a rule 
more varied and complex than that of the swelled cans. The contents 
of several jars were obviously spoiled and disintegrated to a mushy con- 
sistency with a disagreeable odor, unrecognizable as that of olives. These 
yielded a diversity of types of which the following are illustrative: 





1 Ho_tMan, W. L. THE VALUE OF A COOKED MEAT MEDIUM FOR ROUTINE AND SPECIAL BACTERIOLOGY. 
In Jour. Bact., v. 4, no. 2, P. 149-155. 1919. References, p. 155. 

2 Chemical analyses by the Food Control Laboratory of the Bureau of Chemistry showed the liquor in 
which the olives were packed to contain from 0.16 to 0.23 per cent reducing sugars after inversion, expressed 
as percentage of invert sugar. 
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1. Putrefactive anaerobe which digested a cooked meat medium with 
a putrefactive odor, an aerobic Gram-positive, spore-forming rod, and an 
unidentified Gram-negative bacillus. 

2. Bacterium fluorescens liquefaciens, Proteus, aerobic Gram-positive, 
spore-forming bacillus, and an unidentified non-gas-producing Gram- 
negative bacillus. 

3. Staphylococcus, a yeast, and Gram-positive, sporing bacillus. 

4. Gram-positive diplococci, colon group, Aspergillus terreus, and a 
Gram-positive, spore-forming rod. 

No definite correlation between the odor of the spoiled samples and the 
type of organism contained therein was noted. The swelled cans from 
which the colon group only was obtained were recorded as possessing 
either a flat or slightly “‘off’’ odor—that is, they lacked the character- 
istic fragrant aroma of the first-class product. Since many of the sterile 
normal cans, particularly of certain brands, had a similar odor, it is 
doubted whether this condition can be ascribed solely to the metabolic 
activities of the colon group. Three cans containing spore-forming 
anaerobes possessed a disagreeable or rancid odor. The liquor, together 
with portions of the olives from several of the most offensive cans, was 
fed to guinea pigs without ill effects. 

The large numbers and diversity of types encountered, particularly of 
the non-spore-formers, point to insufficient heating of the product. While 
it is realized that there may be a slight leakage along the seam of the can 
immediately after heating, and with subsequent closure, it would seem 
improbable that this could account entirely for the results obtained in 


this investigation. 
SUMMARY 


(1) In the bacteriological examination of 480 commercial containers 
of ripe olives, living microorganisms were obtained in practically every 
instance from samples which were abnormal, as indicated either by a 
swelled condition of the container or a bad odor. 

(2) Viable microorganisms were found in a small percentage of normal 
containers. These were either aerobic, spore-forming bacilli, cocci, or 
apparently dormant members of the colon group. 

(3) A study of the organisms encountered in the spoiled samples 
showed a great diversity of types, among which the colon group pre- 
dominated. 

















RELATION OF THE SOIL SOLUTION TO THE SOIL 
EXTRACT 


By D. R. Hoacianp, J. C. Martin, and G. R. Stewart 
Division of Agricultural Chemistry, California Agricultural Experiment Station 


Modern views of soil fertility recognize the general principle that 
plants derive their immediate supply of inorganic elements entirely from 
the soil solution. It has also been proved that the soil solution is subject 
to highly significant fluctuations. The concentration and composition 
of the soil solution may undergo very great alterations as a result of 
seasonal changes, crop growth, activities of microorganisms, rainfall, fer- 
tilization, etc. The evidence supporting this point of view is now too 
strong to admit of any doubt. It is justifiable to assume, therefore, that 
further progress in the study of the soil as a medium for plant growth 
will depend upon an increased knowledge of the soil solution, particularly 
in its dynamic relations to the soil mass, to the plant and microorganisms, 
and to the application of fertilizing materials. 

Experimental work on the soil solution immediately encounters a 
formidable obstacle in the difficulty of separating from the soil the solu- 
tion which provides nutriment to the plants. When the soil contains 
moisture in percentages most suitable for plant growth, the solution is 
held by the soil particles with such force that no ordinary means will 
serve to effect a separation. This fact is well recognized, and various 
attempts have been made to overcome the difficulties involved and to 
obtain the soil solution in an unmodified state. The most important 
developments in this phase of the work have been described by Morgan 
(8) ‘and by C. B. Lipman (7). It is yet too early to state any final con- 
clusions based on data obtained by these methods, but their further per- 
fection may lead to the attainment of most essential information. A 
considerable advance in our ideas concerning the soil solution has already 
~ resulted from the application of the freezing-point method to soils, as 
first described by Bouyoucos and McCool (4). However, the study of 
the soil solution in its relation to plant growth is so fundamental that it 
should be approached from every possible angle, with the hope that 
eventually we may possess an adequate understanding of the nature of 
the nutrient medium in the soil and of the modifications produced in this 
medium by various treatments. 

Since the soil solution is constantly undergoing modification, the inves- 
tigator is often required to make numerous determinations at frequent 


1 Reference is made by number (italic) to “‘ Literature cited,” p. 394-395. 
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intervals during the growing season at least. This introduces certain 
practical difficulties in the application of presssure methods. The 
freezing-point method is most rapid and convenient as a means of study- 
ing the approximate total concentrations , but it can not give any informa- 
tion concerning the individual solutes. ‘The method of water extraction 
has been used rather frequently in past investigations with the in- 
tent to determine the amounts of plant foods available to the plant. 
One of the writers (9) has carried out an extensive investigation in which 
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Fic. 1.—Graph showing relation of freezing-point depressions in soil (calculated to 22 per cent moisture) 
to total solids extracted by 5 parts of water to 1 of soil. Individual data from six soils composited. 


the very significant effect of season and crop growth on water éxtracts 
of soils was made clear. At the same time the freezing-point method of 
Bouyoucos and McCool was applied to the soils under investigation, and 
a general agreement was noted between the values obtained by this 
method and by the water-extraction method (6). Thus the effect of the 
crop in diminishing the concentration of the soil solution was definitely 
shown by both methods. At the present time the study of water ex- 
tracts offers such promise that it has seemed highly important to attempt 
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to throw further light on the relation between the soil extract and the 
soil solution. The value of the determination made by the water- 
extraction method rests primarily on the assumption that a logical rela- 
tionship exists between water extracts and the soil solution. 

In the articles referred to above considerable data were presented to 
show that in general the larger fluctuations in the total solids found in 
1 to 5 water extracts occurred coincidently with similar fluctuations in 
the freezing-point depressions of the moist soil. Later much more ex- 
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Fic. 2.—Graph showing relation of freezing-point depressions in soil (calculated to 17 per cent moisture) 
to total solids extracted by 5 parts of water to 1 of soil. Individual data from seven soils composited. 

tensive observations were made on this important question, and the data 
have been plotted in two graphs (figs. 1, 2), one for the group of silty 
clay loam soils and the other for the various fine sandy loams, the soils 
being the same as those described in a previous article by Stewart (9). 
The data for the individual soils have been composited for the present 
paper. In these graphs the determinations of total solids and freezing- 
point depressions are plotted for various time intervals, for the soils in 
both the cropped and uncropped condition. The correlation between 
16916°—20-—4 
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the curves for total solids and freezing-point depressions is on the whole 
excellent, considering the technical difficulties involved. Chief among 
these is the uncertainty concerning the free and unfree water in the soil, 
which, as Buoyoucos (7) has clearly shown, markedly affects the concen- 
tration of the soil solution. While all the values have been calculated 
to the same moisture basis, it is not to be expected that this can be done 
with a high degree of accuracy, since the percentage of unfree water may 
vary with different moisture contents and perhaps with different concen- 
trations of the soil solution. In both groups of soils there is a somewhat 
marked divergence between the curves for total solids and freezing- 
point depressions at a period beginning about 10 weeks after planting 
the crop. This can reasonably be explained on the basis of certain 
observations reported in former articles (6, 9). It was shown in these 
that a larger quantity of very slightly soluble material was dissolved 
from a soil by a given proportion of water when the soil solution had 
reached. a low concentration as a result of absorption of solutes by the 
plant. At a certain period, therefore, the cropped soil will yield a higher 
percentage of dissolved material (not part of the actual soil solution) as 
compared with earlier periods. This means that the extractions of the 
cropped and uncropped soils are not on exactly the same basis at all 
times, and it might be predicted that at the period of low concentration 
in the cropped soil the proportion of dissolved substances would increase. 
The inference is substantiated by the experimental data. This generally 
neglected phenomenon of the effect of the solutes already present in the 
soil solution in depressing the solubility of substances dissolved from the 
soil mass by water is thought to be of considerable importance in all 
studies on soil equilibria by means of water extracts. Finally, it should 
be emphasized that at no time is there any indication that conclusions 
based on the water extracts would lead to an erroneous estimate of the 
general relation between the soil solutions of cropped and uncropped 
soils. As the authors have pointed out before, the actual differencse 
would tend to be of greater magnitudes than those calculated from the 
results on water extracts. 

When a 1 to 5 extract of soil is made with distilled water, the quan- 
tity of total solids is from 1.5 to 5 times that present in the soil solution, 
as calculated by the freezing-point method. By the latter method we 
can calculate the total concentration in the soil solution; but this does 
not enable us to determine whether or not the relation between the ele- 
ments.in the soil solution is at all similar to that in the soil extracts. 
Another type of experiment is necessary to give evidence on this point. 
It was suggested that such evidence might possibly be obtained by 
determining the concentration and composition of a solution which 
would remain unchanged when in contact with the soil mass. In other 
words, if one passed through a sample of moist soil a solution having the 
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same concentration and composition as the soil solution already present, 
then it may be assumed that the resultant extract would have the same 
composition and concentration as the original solution. On the other 
hand, if the solution used were of different concentration or composition 
a readjustment of the equilibrium should take place so as to produce a 
different extract. It was decided to attempt an experiment based on 
this hypothesis. 

Obviously, the preparation of a solution having the same composition 
and concentration as the soil solution is a matter of great difficulty. 
The only feasible scheme seemed to be the use of a soil extract con- 
centrated to a point where it would have the same concentration as the 
soil solution, this concentration being determined by the method of 
Bouyoucos and McCool. It was reasonable to assume that in such a 
solution there would exist, between some of the most important elements, 
a relation very similar to that found in the actual soil solution—that is, 
the solution of the free water with the soil at approximately optimum 
moisture content. In order to limit as far as possible the quantity of 
solutes dissolved from the soil mass, an extract was made with cold 
water, and only % part of water was used to 1 part of soil. The time of 
contact was limited to that necessary for complete admixture. Filtra- 
tion was made through a Buchner funnel, and final clarification was 
effected with the use of a Pasteur filter. A separate portion of the soil 
was then made up to its optimum water content, and the freezing-point 
depression was carefully determined. The extract of the soil made in 
the manner described was then concentrated on a hot plate, meanwhile 
passing through the solution a stream of carbon-dioxid gas in order to 
prevent any precipitation. Finally the volume of the concentrated ex- 
tract was adjusted with distilled water so that it had exactly the same 
freezing-point depression as that of the moist soil. This solution was 
used in extracting the moist soil (1 part of soil to % part solution). Care- 
ful analyses were made of the extract before and after contact with the 
soil, and the results were compared. 

Before the data are considered it should be recalled that ordinarily in 
a water extraction from 2 to 5 times as much total solids are dissolved 
as are actually present in the soil solution, and this is true with the 
extractions now considered. Under certain conditions, however, it is 
possible to obtain an extract which contains a comparatively small 
quantity of dissolved substances in addition to that originally present 
in the soil solution, as indicated by the method of Bouyoucos and McCool. 
For example, a sample of soil 9, having a freezing-point depression of 
0.148° C. at 17 per cent moisture gave in a1 to % extract only about 1.16 
times the quantity of total dissolved solids equivalent to this depression. 
In this case the unfree water,was determined directly by dilatometer 
measurements (z). Such a result apparently can be obtained only with 
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a soil having a low percentage of colloidal material and having a fairly 
high concentration in its soil solution, which exercises a repressive effect 
on the solubility of certain soil constituents as previously explained. 

In Table I the results of the equilibrium studies with three different 
soils are presented. Comparisons are made between the composition of 
the concentrated extracts and the same extracts after treatment with 
the soil. It will be noted that the total concentration has suffered prac- 
tically no change, as shown by the freezing-point depressions, conductivity 
determinations, and proportion of total solids. Also, the concen- 
trations of potassium, magnesium, calcium, nitrate, and sulphate agree 
within the limits of experimental error. The agreement for sodium is 
less perfect, but considering the small quantities involved the differences 
are also probably within the limits of error. In one case more phosphate 
is found in the re-extract, and in two cases the agreement is fairly close. 
In one case the two silica determinations agree almost perfectly, and in 
two cases silita seems to have been retained by the soil. It is very 
difficult to explain the action of this radicle, first because of the chance of 
contamination of the solution from glass vessels and secondly because of 
the numerous types of silicates possible with varying proportions of 
silica. 

While the agreement between the extracts and re-extracts is on the 
whole remarkably close, it might be objected that the conditions for the 
attainment of equilbrium were inadequate and that another extract 
having a different composition might also remain unchanged by the soil. 
In order to test this possibility extracts were made of soils 9 and 15 in 
the previously described manner, and then potassium sulphate was added 
to the extracts so as to double approximately the concentration of 
potassium. These modified extracts were then concentrated until they 
had the same osmotic value as the soil solutions, and re-extracts were 
made as in the first.experiment. The composition of the different 
solutions is given in Table II. It is evident that in this experiment the 
soil has had a marked effect on the extract. There is very much less 
potassium in the re-extract than in the original extract, but the decrease 
of potassium is accompanied by an increase in the quantity of calcium 
and in one case of sodium. In one case there is a slight decrease of 
sulphate. The other elements are not greatly changed, nor is the total 
concentration very different in the two cases. It seems clear that a 
rearrangement of the solutes has taken place in this case which did not 
occur in the first experiment. In other words, the extract introduced 
was different in composition from the soil solution already present, with 
the result that certain chemical reactions took place forming an entirely 
new soil mass—soil solution system. 
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TABLE II.—Extraction of soil with concentrated extract containing added potassium 
sulphate (K,SO,) 





Composition of extracts. 




















Soil are j : 
a) Ser, |) ait Potas| Cal- |aMag-| So | Ni | Phos:| Sul Silica 
aa i. sium | cium |nesium dium | trate | phate | phate (SiO») 
*| (K). (Ca). | (Mg). | (Na). |(NOs).| (PO4).| (SO*). ‘ 
bist sae ene Weenen ae 
P.p.m.|P.p.m.|P.p.m.\P.p.m.|P.p.m.|P..p.m.|P..p.m.|P..p.m.|P.p.m. 
9 | Concentrated extract plus 
potassium sulphate........ 1,652 76 212 33 122 312 3 166 40 
Same after passing through 
ks + tou sab sad badiunaeanae 1,896 52 280 gr 129 333 4 161 40 
Increase or decrease in con- 
a ey +244| — 24| + 68) — 2/1 + 7] az PET = § lessen. 
1s | Concentrated extract plus ‘ 
potassium sulphate........| 2,408 277 236 41 . | See 4 413 24 
Same after passing through 
EE ee 2,592 119 300 41 lt eee 3 369 22 
Increase or decrease in con- 
and vices virgh'e cat +184 | —158 | + 64]....... HF OB lovescss —1|— 44 —2 





























All the experiments just discussed would seem to justify the conclusion 
that in a concentrated extract the relation between the various elements 
may be very similar to that existing in the soil solution. In seeking 
an explanation oi the results it is first essential to describe the components 
which probably enter into a water extract of a soil. In the first place, 
these would include the constituents of the soil solution diluted by the 
added water. This diluted soil solution would then tend to bring into 
solution constituents which were not present in the soil solution itself. 
Thus, in no case would the solvent be pure water but rather a solution 
the composition and concentration of which would vary with the soil 
solution. It is plausible to assume that the solvent thus formed would 
bring into solution principally either ‘‘adsorbed”’ salts or easily soluble 
chemical compounds, originally derived from the more resistant minerals. 
Finally, a certain quota of this very slightly soluble material would come 
into solution, and the total quantity dissolved would depend at least in 
part on the total volume of water as well as on time and temperature. 
This latter fraction of the soil extract would ordinarily form only a small 
portion of the total dissolved material. Evidence for this view has been 
presented previously (6, 9) and is also upheld by certain experiments of 
Bouyoucos with regard to the solubility of soil minerals (2). It would 
follow, therefore, that if the adsorbed or immediately soluble material 
has the same relative composition as that already present in the soil 
solution, then the water extract might also retain similar relations. It is 
impossible at present to obtain direct evidence to this effect, but an 
experiment was carried out from which certain inferences may be drawn. 
A large quantity of moist soil (silty clay loam 1) was placed in a 
Buchner funnel and leached with the least possible proportion of distilled 
water, about % part of water to 1 part of soil. Two subsequent leach- 
ings were made with similar proportions of water. These three extracts 
were then analyzed for the most important elements, and the ratios 
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between them were calculated by dividing the concentration of each 
element by the sum of the concentrations of all the elements determined 
(Table III). The ratios were found to be very similar in the three 
extracts, the agreement for several elements being especially close in the 
first two extracts. In the first extract the larger proportion of solutes 
present were probably derived from the soil solution, while the subsequent 
extracts represented to a greater degree previously undissolved fractions 
of the soil. The results would, therefore, seem to indicate that in con- 
centrated extracts there is a great similarity in composition between the 
soil solution and the extract containing the substances which immediately 
go into solution on the addition of a slight excess of water. Even with 
nitrate, which might be supposed to have such a high degree of solubility 
that the total quantity present would be contained in the soil solution, 
it is probable that a certain proportion is held in some adsorbed or 
undissolved form. If an extract of the soil be made, a readjustment 
takes place because of the great dilution of the soil solution, and the 
total quantity of adsorbed nitrate would be greatly diminished, even 
though the partition ratio between solution and soil remained constant. 
Thus, it is possible to extract nearly all the nitrate present but difficult 
or impossible to remove the last traces. 


TABLE III.—Composition of successive leachings of soil 
[8 parts soil to 1 part water.] 





s: 
First leaching. Second leaching. Third leaching. 




















| an PAE se 

Solute. Ratio of Ratio of | Ratio of 

Concentra | individual | CRCE*T@ | individual | CCEA | individual 

solution. | =— solution. —- solution. —- 

ch ae RY es ed eer ee 

; P. p.m. Per cent. | «P. p.m. Per cent. P. p. m. Per cent. 
Nitrate (NO). ......... 425 57-0 195 53-0 133 46.0 
Calcium (Ca) DORR sate | 90 12.1 45 12.3 46 15.8 
Magnesium (Mg)........ 88 11.8 43 11.8 34 11.6 
Potassium (K).......... | 22 3-0 15 4.1 13 4.4 
Sulphate (SO,)........ 121 16. 2 67 18. 4 | 66 22.6 











With regard to phosphate the case is not so clear. Most of the extrac- 
tion studies described in previous articles have indicated that the various 
extracts are saturated with respect to phosphate. Thus, if the extract 
were concentrated without precipitation the concentration of phosphate 
should be considerably greater than in the soil solution. Since, however, 
the adsorption or precipitation of phosphate by the soil is a relatively 
slow process, in the present experiment the time may have been insuffi- 
cient for readjustment of the equilibrium. From our previous experi- 
ments we should be inclined to infer that the concentration of phosphate 
in the soil solution is usually very low, but that immediate replacement 
occurs as phosphate is absorbed by the plant, thus producing a constant 
concentration of phosphate over long periods of time. 
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That there exists some sort of definite and reversible state of equilib- 
rium between the soil mass and the soil solution for any given set of 
conditions is suggested by another experiment. ‘Two soils were treated 
with water in the proportion of 1 part of dried soil to 1 part of water. 
After the soil and water were thoroughly mixed the resultant mixtures 
were allowed to dry at room temperature until they reached the optimum 
moisture content. Freezing-point depressions were then made and com- 
pared with determinations made on samples of the same soils simply 
moistened to optimum water content. The data given below show 
that the agreement is, at least in these two cases, almost perfect. 


TABLE 1V.—Freezing-point depressions of soil at optimum moisture content and of 
treated sotl evaporated to optimum moisture content 








Freezing- 
Description of soil. point 
depressions, 
"i. 
odd 2D Ge este SOI e COBEN ns iss cs ccc Seve ccs sess yersouss 0. 063 
Soil 1C after mixing 1 to 1 with water and allowing to evaporate to optimum 
TMC SMITE ik Sen sks 5 orev os ye bhivin od, € MAR AAD 6482S ENR Ke . 062 
SOCAL & ME OPE LEIGLIET SHIIOE TATE CORBET So oii cist eccnerdtocsencetees 045 
Soil 9 after mixing 1 to 1 with water and allowing to evaporate to optimum 
I Ni 55 60 i506 or hc0s se sas aedeRE Ears CEG eee aren ees 047 








In other words, although several times as much material was brought 
into solution as was contained in the soil solution at optimum water 
content when the excess water was added, these dissolved substances 
were immediately removed from solution on lowering the moisture con- 
tent. This, of course, does not mean that the concentration of the soil 
solution may not easily be altered by the addition of soluble salts, as will 
be discussed presently. 

If the general method of studying soils by means of their water extracts 
is of value, then it becomes of considerable importance to determine the 
most suitable conditions for making the extract. The technic might be 
based on either one or two general objectives, first the attainment of . 
equilibrium (as nearly as possible final) for a given proportion of water, 
and, second, the limitation of the extract as far as was practicable to the 
material actually existing in the soil solution. In the first case a long 
period of contact and continuous shaking would be essential; in the 
second case the time would be limited to that necessary for complete 
admixture of soil solution and added water. In order to determine the 
magnitudes of dissolved substances under varying conditions, extracts of 
3 soils were made by various methods as follows: (a)_1 part soil to 5 parts 
water, as described by the Bureau of Soils of the United States Depart- 
ment of Agriculture; (6) 1 part soil to 5 parts water, shaking for 1 week; 
(c) 1 part soil to 1 part water, as in (a); (d) 1 part of soil to 1 part water, 
shaking for 1 week. 
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In Table IV the results on extracts obtained by these different methods 
are presented, all calculated to parts per million of the dry soil, so that 
comparisons may be made on the same basis. 

If the total solids are considered, it will be noted that the magnitudes 
are very similar except in the case of the 1 to 5 extract shaken for 1 week. 
More potassium is extracted by a 1 to 5 extract than by a1 to 1 extract, 
but the quantities are essentially the same whether the time is 40 minutes 
or 1 week. The calcium, magnesium, and sulphate may be appreciably 
increased during the week’s contact when the proportion is 1 to 5 but 
not when the proportion is 1 to1. Nitrate is not greatly changed in a 1 
to 5 extract by the increased time of extraction. In the 1 to 1 extract in 
one case of a heavy-textured soil there is a decrease after 1 week, and in 
another case of a light-textured soil there is an increase. Very probably 
biological action is concerned in these changes. Phosphate is increased 
markedly in the 1 to 5 extract as compared with the 1 to 1 extract. 

Several fairly definite deductions may be drawn from the data just 
presented. When a smaller proportion of water to soil is used, as 1 to 1, 
there is only slight increase in dissolved substances with the period of 1 
week as compared with a shorter period, although some changes in nitrate 
may result from biological action. There would not seem, therefore, to 
be any advantage in the longer period of contact; in fact the biological 
changes would make such a procedure undesirable. In the 1 to 5 ex- 
tracts there is a significantly increased solution of various elements (par- 
ticularly calcium and magnesium) during the period of a week. This 
must be due to the solution of soil minerals, more of which are dissolved 
in the 1 to 5 extract because of the greater dilution of the solvent, as 
previously explained. Phosphate is in a somewhat different category 
from the other elements in that the total quantity dissolved is some- 
what directly dependent upon the volume of the solvent. As was stated 
before, to a certain extent the solution is always saturated with respect 
to phosphate. 


TABLE V.—Comparison of extracts of soil prepared by various,methods 


























Composition of extracts calculated to basis of water-free soil. 
Soil : Ratio of anions 

No. Time of extraction. | ne ba Total Potas- Cal- | Magne- Nitrate Phos- Sul- 

| , Solids sium cium sium (NOs) phate phate 

"| (CK). (Ca). | (Mg). ‘ * | (POs). | (SO). 
; | P. p. m.| P. p.m.) P.p.m.| P.p.m.| P. p.m.| P. p.m.| P. p.m. 
>. een ‘34 680 24 62 26 80 I 60 
et WON ne cn 3.545 on sece B28 612 26 47 24 54 I 719 
4o minutes............ ris 636 38 47 25 128 6}. ee 
I week te ae GN gta St 338 1,034 37 14 33 126 5 81 
qo tammutes..........5.. ee 510 16 68 7 68 2 27 
ho Ere 223 562 20 69 11 114 2 37 
9 |)40 minutes. . ris 503 33 7° 10 114 7 29 
Ce 53.8 806 38 100 19 128 8 30 
40 Minutes............ eve 532 23 59 13 78 2 41 
ts Z WERE. cee cc cceesecers Rie 524 30 51 16 63 I 45 
4o minutes............ 38 582 | 31 §2 15 116 TEA Jduvete 
oe 25 836 38 gt 24 145 to 55 
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The application of the foregoing conclusions would seem to indicate 
that soil extracts should be made with a small proportion of water and 
for a short period. It would probably be desirable to use not more than 
1 part of water to 1 part of soil, but in many cases this may be imprac- 
ticable, so that 1 to 5 extracts must suffice. It is true that special studies 
of soil equilibria must take into account long-continued solvent action, 
but in attempts to gain some idea of periodic changes in the soil solution 
the technic should be directed toward lessening the solution of material 
not actually present in the soil solution. This aim is less possible of 
attainment in proportion as the volume of water or time of contact with 
the soil is increased. It is not evident that attempts to reach approxi- 
mate final equilibrium by large excess of water or‘long shaking are likely 
to result in more accurate knowledge of the soil solution as it exists at 
any given moment. On the contrary, the increase in solutes is derived 
from substances not actually present in the soil solution, and their 
solubility is in part conditioned on the concentration of the soil solution, 
the variable under investigation. 

In concluding this discussion it may be well to summarize briefly our 
present point of view with regard to the soil solution based on recent 
researches in this and other laboratories. All the evidence supports the 
general views expressed by Cameron (5) a number of years ago to the 
effect that soil phenomena must be considered as dynamic. His criti- 
cisms of the older methods of study by means of hydrochloric-acid 
extracts of soils, analyses of total quantities present in the soil, etc., are 
found to be entirely justified. It is now generally recognized, however, 
that Cameron’s conclusions with regard to the nature of the soil solution 
were not sufficiently far-reaching. It is certain that the soil solution is 
not simply a solution saturated with respect to all the original mineral 
components of the soil and tending to approach a constant composition. 
The original soil minerals themselves doubtless haye a very slight solu- 
bility in pure water, but the soil solution of a normally occurring soil is 
something quite different. The solvent is never pure water, but rather 
a solution of ‘salts and organic matter, accompanied by carbon dioxid, 
oxygen, and other gases. The soil solution at any given moment is the 
resultant of the cumulative effect of the continuously varying solvent on 
the soil minerals. The actual concentration of the solution is governed 
principally by the equilibria existing between the dissolved substances 
and the immediately soluble or absorbed substances. It is possible that 
these latter may be removed almost completely from the soil mass by an 
excess of water. The soil solution in contact with the residual soil has a 
very low concentration, and this is not readily increased by the solvent 
action of pure water. Toa lesser degree a similar state of affairs results 
when the dissolved or immediately soluble components of the soil are 
removed byacrop. This effect may be of long duration, or, on the other 
hand, the concentration of the soil extract with respect to many solutes 
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may easily be increased by the addition of soluble salts. Bouwyoucos and 
Laudeman (3) have shown, moreover, that this increase of concentration 
occurs immediately and in most cases is not altered over a long period 
of time. 

Theoretically, also, it is very apparent that the soil solution orextract 
may be increased in its concentration of a given element by the addi- 
tion of a soluble salt. A simple case will illustrate this fact. A saturated 
solution of slightly soluble silicates of potassium, for example, can be 
prepared by shaking the finely divided minerals with water. The con- 
centration of potassium in the solution is limited by the solubility of 
the components of this particular system. However, the addition of 
another component of different solubility, such as potassium chlorid, 
will increase the concentration of potassium in the solution, although 
the solubility of the potassium silicate may possibly be diminished 
because of the increased concentration of the potassium ion. In the 
same way the soil solution is saturated only with respect to the particular 
system existing at any given moment. In general it is not saturated 
with respect to any particular ion, so from theoretical considerations 
there is no reason to accept the earlier statements of Cameron that the 
chemical equilibria would require the precipitation of added salts with 
a tendency to maintain a constant composition in the soil solution. 
The fact that water extracts of soils become more dilute with each 
increase in the proportion of water used gives evidence to show that 
the solubility of the original soil minerals is not the chief factor govern- 
ing the concentration of the soil solution. 

Presumably in the actual soil solution the increase of concentration 
due to the addition of soluble salts will in part be limited by the removal 
from the dissolved to the absorbed phase. When an excess of water 
is employed, however, as in making an extract, nearly all of the added 
solutes will appear in solution or be represented by equivalent quantities 
of other substances, as is shown, for example, in the well-known exchange 
of bases. The total quantity of absorbed substances would be a func- 
tion of the concentration of the surrounding solution, which would 
vary with the moisture content of the soil or volume of water used in 
making an extract. In extraction procedures there would occur, of 
course, a very great dilution of the soil solution. While the latter 
would be increased in concentration by the addition of soluble salts, | 
the evidence at hand does not indicate that all the added salt would 
necessarily be effective in increasing the concentration of this soil solu- 
tion even when the water extracts contained the total or equivalent 
quantities of the elements added. It is reasonable to assume, however, 
that the ‘‘adsorbed”’ substances are capable of easily replenishing the 
soil solution when its concentration is decreased as a result of withdrawals 
by the plant, new soil solution-adsorption systems being formed con- 
tinuously during the season. 
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SUMMARY 


(1) Seasonal studies on cropped and uncropped soils have shown that 
water extracts reflect the principal fluctuations taking place in the soil 
solution as indicated by the freezing-point method. 

(2) A soil extract is composed chiefly of the solutes present in the 
soil solution plus substances dissolved from ‘‘adsorbed”’ or easily soluble 
components of the soil. This latter fraction of the soil extract is depend- 
ent in part on the concentration and composition of the soil solution, 
since the solutes of the latter exert a depressing effect on the solubility 
of certain soil constituents. This fact is believed to be of great impor- 
tance in studies of chemical equilibria in soils. _ 

(3) A new method is suggested for indicating the relations between 
the chemical elements in the soil solution. Extracts were prepared 
which did not change appreciably in composition or concentration on 
contact with the soil. The consideration of the equilibria involved sug- 
gests the probability that the ratios between most of the important 
elements are very similar in concentrated soil extracts and in the soil 
solution. It is concluded that analyses of suitable soil extracts and 
determinations of freezing-point depressions may frequently permit a 
calculation of the concentration and approximate composition of the 
soil solution. 

(4) Various methods of making water extracts have been compared. 
The data obtained suggest that in seasonal studies extracts should 
be made with the smallest proportion of water to soil practicable and 
with the time of contact limited to that necessary for thorough admix- 
ture. In routine work 1 to 1 or 1 to 5 extracts are convenient and 
satisfactory. 

(5) Further experimentation has confirmed previous conclusions that 
the soil solution fluctuates in composition and concentration with every 
environmental change and with crop growth. 
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EFFECT OF SEASON AND CROP GROWTH ON THE PHYSICAL 
STATE OF THE SOIL : 


By D. R. Hoact.anp and J. C. Martin, Division of Agricultural Chemistry, California 
Agricultural Experiment Station 


Investigations previously reported by this laboratory’ have shown 
definitely that the soil solution is extremely variable in its composition 
and concentration, as indicated by water extracts or by the freezing- 
point method of Bowyoucos and McCool.? Recently McCool and Millar® 
in an extensive series of field studies have upheld this conclusion. In all 
these investigations it has been demonstrated that the absorption of 
solutes by the plant may have a very pronounced influence on the soil 
solution at certain periods and may bring about a very striking decrease 
in the concentration of nitrates and other constituents. Moreover, this 
condition may persist for a long time. During the course of our experi- 
ments it was noted that the state of dispersion of the colloidal matter in 
the various soils fluctuated in a most decided manner under the influence 
of the different treatments. It was decided, therefore, to make a sys- 
tematic series of observations relating to this point. 

The soils used were kept under controlled conditions in tanks as 
described by Stewart. Both cropped and uncropped soils were com- 
pared under otherwise identical conditions. The principal measurements 
were made on a number of tanks of silty clay loam soil, clay in which vari- 
ous crops were grown—namely, corn, barley, potatoes, beans, and beets. 
There were three tanks of barley, containing, respectively, 24, 50, and 71 
plants. All soils were kept at approximately optimum moisture con- 
tent by the addition of distilled water. At frequent intervals during 
the growth of the crops samples of soil were taken for examination. 

In order to study conveniently the changes in the water-soluble con- 
stituents, conductivity measurements were made on water extracts of 
the soil. These were made by thoroughly mixing 1 part of moist soil 
with 2 parts of distilled water and filtering through filter paper. This 
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method gives results of the same relative values as those obtained by 
determining the total solids in water extracts or by estimates based on 
depressions of the freezing point in the soil itself. It is justifiable to 
assume that the conductivity measurements give at least a rough idea of 
the changes taking place in the soil solution under the various conditions. 
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Fic. 1.—Effect of crop on physical state and electrolyte concentration of the water extract of the soil. 


Unfortunately no methods exist which permit the determination of the 
exact kinds or quantities of colloidal matter in the soil. We can measure 
only approximately certain resultant effects by the use of empirical pro- 
cedures. Of these, turbidity observations are doubtless as valuable as 
any others. In the present experiments the samples of soil were mixed - 
with water, in the proportion of 1 part of soil to 2 parts of water, and the 
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soil suspensions were poured into burettes. After 24 hours the upper 
10 cc. were carefully pipetted off into weighed dishes, and the total 
residue was estimated after evaporation and drying at 100° C. While 
such a method unquestionably leaves much to be desired, it is neverthe- 
less apparent that considerable changes in the colloidal state of the finer 
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Fic. 2.—Effect of crop on physical state and electrolyte concentration of the water extract of the soil. 








soil particles are reflected in the quantities of suspended material obtained 
in this manner. 

The data have been expressed in the form of graphs with the time (in 
weeks) plotted against values expressing the magnitudes of the suspended 
material and also against the resistances of the extracts in ohms. Since 
the concentration of the solution varies inversely as the resistance, the 
scale has been inverted to bring out the relations more clearly. (Fig. 1-4.) 
16916—20——5 
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It is evident that there exists a very good general correlation between 
the quantity of soluble constituents in the soil and the quantity of sus- 
pended material and that in both cases the magnitudes undergo very 
marked variations coincidentally with seasonal changes and crop growth. 
These fluctuations are far more pronounced, however, in the cropped 
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Fic. 3.—Effect of crop on physical state and electrolyte concentration of the water extract of the soil. 


soils than in the uncropped soils. In other words, it is a fair conclusion 
that the absorption of solutes by the plant has lowered the concentra- - 
tion of the soil solution at a period of 8 or 10 weeks after planting and 
that the physical state of the soil has undergone an equally definite 
change. It can scarcely be doubted that there is some definite relation 
between the concentration and composition of the soil solution and the 
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physical state of the soil. That this correlation is only approximate is 
not difficult to explain, even if we assume that the factors mentioned 
above are the only ones to be considered. The quantity of suspended 
material obviously can not bear an exact relation to the concentration 
of the solution throughout all ranges. Ata certain point the supernatant 
liquid will become almost clear, and while further increases in the con 
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Fic. 4.—Effect of crop on physical state and electrolyte concentration of the water extract of the soil. 


centration of electrolytes will diminish the resistance almost proportion- 
ally, no further change can be shown in the physical state of the soil as 
measured by the present method. Moreover, the conductivity is a re- 
sultant measurement expressive of the concentration or mobility of all 
the ions present. It is not true, however, that equivalent quantities of 
different ions have equal effects on the colloidal state of the soil. 
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The effect of various salts on the flocculation of soils has been studied 
in many investigations. Sharp‘ in an extensive series of observations 
has presented evidence to show that a remarkable change is produced in 
the physical state of the soil by the addition of various salts and sub- 
sequent washing of the soil with water. This change in the degree of 
dispersion of the colloids is attributed to the formation of new silicate 
compounds which give to the soil its new properties. 

These investigations by Sharp have all dealt with rather extreme salt 
effects, such, for example, as might occur in “‘alkali’’ soils or heavily 
fertilized soils. So far as known, no study has been made of the changes 
which may take place in soils because of the normal fluctuations in the 
soil solution under varying conditions of cropping and season. In such 
cases the total quantity of salts dissolved in the soil solution is extremely 
small, and it might be questioned whether these could have any appre- 
ciable effect on the physical state of the soil. However, an analysis of- 
the data presented by Stewart * and Hoagland ° brings out the fact that 
relatively enormous fluctuations may take place in the soil solution. 
The growth of a crop, for example, in certain instances may reduce the 
concentration of the soil solution to an extremely low point. Recently 
McCool and Millar * have presented extensive data to show that in the 
field very profound changes may occur in the soil solution as a result of 
cropping, moisture variations, biological activities, rainfall, etc. Appar- 
ently all of these fluctuations in the soil solution may be reflected in the 
physical state of some at least of the soil constituents. 

Since the effect of cropping is to reduce the water-soluble constituents 
of the soil and the concentration of the soil solution, it might be pre- 
dicted on the basis of the foregoing discussion that soils which had been 
cropped would show a physical condition distinctly different from the 
same soils kept uncropped. In order to decide this point more definite 
turbidity determinations were made on a number of different soils. 
Except that one tank of each soil had been cropped for four years and one 
tank had been kept without crop for three years, the soils were maintained 
under identical conditions. Originally both portions of the soil were from 
one sifted, homogeneous mass. The details of treatment have already 
been described in an article by Stewart.° Chemical analyses and conduc- 
tivity measurements on water extracts, as well as freezing-point depres- 
sions on the moist soil, all pointed to the fact that the uncropped soil 
yielded a soil solution of higher concentration than did the cropped soil. 
The data contained in Table I give evidence that these differences were 
reflected in the physical state of the soils. It is particularly easy to 
demonstrate this relation for the silty soils, but even the sandy soils 
display the same tendency. 
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TABLE I.—Relation of physical state to the electrolyte concentration of the soil extract 





June 3. July 26. 


Condition of soil. : 
Turbid- | Specific Turbid- Specific 
ity.¢ | resistance. ity. resistance. 


' Ohms. 
Cropped 170 | 4,500 
Uncropped 80 | 2, Oo 
Cropped sees vee 330 | 5, 000 
Uncropped 190 4, 200 
Cropped. . 230 4, 300 
U neropped. . ; 160 3, 700 
Cropped.. i | 170 4; 300 
Uncropped . aed go 2, 900 
Cropped 290 4, 800 
Uncropped. .. 100 2, 700 
Cropped | 270 
Uncropped..... | 180 
Cropped a 120 6, 500 
Uncropped 950 
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ie 
{ roppe ROR 340 
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Uneropped Pike ete 300 
Cropped. . I, 090 
Uncroy esac. 1,070 
Croppe 970 
Uncropped | 39940 
Cropped | 25930 
Uncropped. .. 130 
Cropped I, 220 
Uncropped | 1,050 
Cropped I, 320 | 








Uncropped I, 140 | 
ener erry 
Bin.. 








@ Expressed in milligrams per roo cc. 


It has already been pointed out that under certain conditions of storage 
a soil may accumulate a large amount of soluble constituents. It was 
thought to be of interest to compare a sample of soil which had been kept 
in a bin for several years in a slightly moist condition with a sample of 
the same soil cropped for several years. The two samples displayed 
widely different concentrations of electrolytes, and the turbidity measure- 
ments indicate that 20 times as much material was kept in suspension in 
the cropped soil. These samples demonstrate the extreme effects which 
may occur, even without fertilization or leaching. 

Sharp ' has shown that salt-treated soils washed with water are made 
far more impervious than soils washed with water without previous 
treatment. If, however, a soil is very completely leached with distilled 
water after stirring, an extremely impervious condition of the soil results. 
At the same time the final leachings are exceedingly dilute, and the con- 
centration of solution in the leached soil is so small as to be scarcely 
determinable. In Sharp’s experiments the impervious condition of the 
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soil is considered to be the result of the formation of certain new silicates. 
Possibly in soils leached with water and not containing an excess of salts 
the dispersed condition may be the result of the almost complete removal 
of electrolytes from the films of solution surrounding the soil particles. 
To a lesser extent the same thing occurs when the soil solution is depleted 
through absorption of solutes by the plant. None of the data presented 
in this paper, however, are of such‘a nature as to permit of any conclu- 
sions with regard to these very difficult questions concerning the colloid 
chemistry of the soil. 

Neither is it possible to state definitely the effects of the fluctuating 
soil solution on the physical state of the soil under field conditions. 
A sample of soil may be maintained in a relatively pervious state even 
after long washing, provided the compound particles of soil are not dis- 
turbed by stirring or mixing while the soil is saturated with moisture. 
Nevertheless, it is probable that the soil in the field is subject to certain 
modifications in its physical state which are merely accentuated when the 
laboratory tests are carried out. 

It is interesting to speculate on the indirect effects of the changes in the 
physical condition of the soil noted in these experiments. It is entirely 
possible that such changes may be of considerable importance. The 
aeration, resistance to root penetration, ease of cultivation, percentage 
of unfree water, etc., are very probably affected to a greater or less degree, 
and these alterations in the soil conceivably may have an important 
influence on the growth of microorganisms or plants. In any case, it is 
highly desirable to make observations on all the effects, direct and indi- 
rect, which may be correlated with the changing concentration or com- 
position of the soil solution. It should be strongly emphasized that in 
studies of soil fertility the whole system of soil, soil solution, and plant is 
so constituted that all the components must be considered as interrelated. 
Thus, the plant may exhaust the soil solution with a resultant change in 
physical condition of the soil which may be unfavorable to the growth of 
microorganisms, and this inhibition in time may influence the concentra- 
tion of certain solutes in the soil solution. It is believed that the greatest 
advances in theories of soil fertility will come with an extension of our 
knowledge of the soil solution in its dynamic aspects. 


CONCLUSIONS 


The physical state of certain soil constituents is influenced to a marked 
degree by the concentration of the soil solution. The colloidal state of the 
soil suspension undergoes significant alterations during the season. A 
large increase in colloidal matter is noted when the soil solution is de- 
pleted as a result of absorption of solutes by the plant. 





